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respiratory gas exchange method - 



.Abstract (Basic) : Respiratory gas exchange is maintained by 

introducing a vol- of perf luorocarbon liq. into the pulmonary air 
passages of a mammalian host, the vol. being equal to, or less than, 



the pulmonary functional residual capacity of the host... 

Respiratory gas exchange in the liq. laden air passages is maintained 
by a gas ventilator for a treatment period. The perf luorocarbon liq. 
is subsequently removed from the air passages... 

USE /ADVANTAGE - The use of perf luorocarbon liq. ventillation provides 
treatment for respiratory distress syndromes involving surfactant 
deficiency or dysfunction in human or other mammalian patients. The 
potential . . . 

Additionally, the pulmonary time constant is far lower during the 
present treatment than during liq. breathing , making it possible to 
ventilate the patient more rapidly and to achieve far greater minute 
ventilation . 

Abstract (Equivalent) : Maintaining respiratory gas exchange comprises 
introducing into the pulmonary air passages of a mammalian host a vol. 
of perf luorocarbon liq. of 50-100% of the pulmonary functional 
residual capacity of the host; and physically administering a vol. of 

breathing gas with the introduced vol. of liq. in the air passages 
whereby the breathing gas forms bubbles inside the liq-contg. air 
passages so that oxygenation of the perf luorocarbon liq. takes place in 
vivo and resulting when the host takes multiple breaths of a 
breathing gas . 
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ABSTRACT 



Method and means for maintaining respiratory gas ex- 
change, by introducing into the pulmonary air passages 
of a mammalian host a volume of perfluorocarbon liq- 
uid substantially equivalent to the pulmonary functional . 
residual capacity of the host, maintaining respiratory 
gas exchange in the perfluorocarbon liquid-laden. pul 7 
monary air passages by continuous positive pressure 
breathing with a conventional respirator, for up to an 
hour or more, and thereafter evaporating the perfluoro- 
carbon liquid from the pulmonary air passages. Useful 
for treating pulmonary surfactant deficiency or dys- 
function. 

18 Claims, 7 Drawing Sheets 
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Ventilator system for nuclear magnetic resonance and/or magnetic 
resonance imaging procedures , has mass flow controller, gas delivery 
valve, first and second gas sources, first and second pressure sensors, 
and controller 
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Ventilator system for nuclear magnetic resonance and/or magnetic 
resonance imaging procedures , has mass flow controller, gas delivery 
valve, first and second gas sources, first and second... 



Abstract (Basic) : 

Ventilator system comprises mass flow controller; a gas 
delivery valve disposed downstream of and in communication with 

Ventilator system comprises a ventilation flow path for 
ventilating a subject; a mass flow controller; a gas delivery valve 
disposed downstream of and in. . . 

...pressure sensors and the mass flow controller. The controller is 

configured to monitor the pressures measured by the pressure sensors 
and the flow rate of the mass flow controller, and to automatically 
determine a delivered tidal volume using a reading of the flow rate of 
the mass flow. . . 



.CLAIM is also included for a computer program product for delivering 
hyperpolarized gas using a ventilator with an associated gas delivery 
valve and a tracheal tube, comprising a computer program code that 
monitors a first pressure in the ventilator system upstream of the 
gas delivery valve; a computer program code that monitors a second 
pressure in the ventilator system downstream of the gas delivery 
valve; a computer program code that 'obtains a reading of... 



...when the first pressure stabilizes at a constant pressure; and a 
computer program code that calculates a tidal volume using the 
reading of the mass flow controller when the first pressure... 

...The inventive system is used for delivering a hyperpolarized gas to a 
subject, by providing the ventilator system with the mass flow 
controller, a tracheal tube and the gas delivery valve configured to... 

...at least one non-polarized gas to the subject; monitoring a first 
pressure in the ventilator system upstream of : the gas delivery 
valve; monitoring a second pressure in the ventilator system 
downstream of the gas delivery valve; obtaining a reading of the mass 
flow controller when the first pressure is constant; and automatically 
determining the tidal inspiration volume of hyperpolarized gas 
delivered to the subject in situ using the obtained mass flow. . . 

. . . lagomorphs) . It can also be used for nuclear magnetic resonance and/or 
magnetic resonance imaging procedures . 



...The inventive system can more accurately determine the amount of 

gas and/or number of moles of gas delivered to an animal's lungs... 
...1) a known or calculated inspiration or tidal volume of gas... 

...3) in situ real-time or dynamic adjustment of flow rate based on 
pressure and volume parameters; and... 

...4) controlled ventilation to provide blends or selectable respiratory 
gases, including at least one hyperpolarized gas... 

...The figure is a block diagram of operations for respiratory and 

hyperpolarized gas delivery 
Technology Focus: 

... Preferred Component: The controller is configured to automatedly 

adjust the flow rate of the mass flow controller so that the pressure 
measured by the first pressure sensor is constant during delivery of 
hyperpolarized gas. The first gas... ■ 

...a polarized gas source. The second gas source is a non-polarized gas 

source. The ventilator system further comprises a tracheal tube in 
fluid communication with the gas delivery valve; a temperature. . . 

...tracheal tube end cap for closing off the tracheal tube; a computer 
program code for calculating a fixed volume (VI); a physiological 
monitor for monitoring heart rate; and an electrocardiogram (ECG) 
device. The gas delivery valve is configured with a vent port that 
allows expired breath to vent during expiration. It is configured to 
operate at a selectable breath per minute rate and inhale/exhale 
ratio with breath -hold duration and to selectively deliver the 
polarized gas alone or with the non-polarized gas. The ventilator 
system is to be run in a user selectable set tidal volume mode or a 
set peak inspiration pressure mode. It is configured for small 
animals. It is configured to deliver a millimole amount of polarized 
129Xe (xenon) gas and/or polarized 3He ( helium ) . It is configured to 
operate with the selectable breath per minute rates of 5-180. It is 
configured to operate with selectable inspiration /expiration ratios 
of 5:1-1:5. It is configured to operate with' a controllable peak 
inspiration pressure of 0-40 inches of water (H20) . It is configured 
to provide a tidal... 



.minute. It is configured to operate with magnetic resonance 

imaging/nuclear magnetic resonance (MRI/NMR) systems having up to 5T 
magnetic fields or having less than 100 Gauss magnetic fields. The... 

.variable mass flow rate. The controller is configured to dynamically 
monitor the first pressure and adjust the flow rate of the mass flow 
controller responsive to deliver a user-selected predetermined fixed 
tidal volume. It is configured to calculate an adjusted delivered 
tidal volume in situ based on the difference between the total tidal 
volume and a fixed geometric volume of the ventilator flow path that 
includes a portion of the ventilator flow path and the tracheal tube. 
It is configured to determine the delivered tidal volume using the 
mathematical relationship (1) : flow rate/f requency=volume exhausted per 

.flow controller taken when the first pressure is stable or constant and 
frequency is the breath per minute rate. It is configured to generate 
an estimated incremental decrease or increase of flow rate to provide 
a constant pressure at the first sensor based on the selected breath 
per minute rate and an estimated volume of the animal's lungs . It 
is operably associated with a computer program code of a library of a 
priori values of predicted animal volumetric characteristics and/or 
animal volumetric changes at different peak inspiration pressures. 
The temperature monitor is in communication with a thermal source that 
is configured to... 

.controlled pressure of a non-polarized gas directed into the vessel. The 
computer program code calculates and applies a calibration factor to 
define the pressure used to compress the bag to... 

.of polarized gas. The gas delivery valve is configured to provide gas 
flow paths for ventilation breath inhale inputs and/or receive 
exhale outputs of at least: a hyperpolarized Gas A inhale... 

.A inhale and hold; and a non-polarized gas input. It is configured to 
provide ventilation breath inhale inputs and/or receive exhale 
outputs of at least: hyperpolarized Gas A inhale; non. . . 

.with a material that inhibits depolarization of the hyperpolarized gas 
and is non-magnetic. The ventilator system has an associated fluid 
capacitance disposed intermediate the mass flow controller and the gas 
delivery. . . 

.where the fluidic capacitance has a volume that is at least 10 times 
greater than the volume of the lungs of the subject; fixed volume 
reservoir (s) that is configured to selectively engage the manifold to 
adjust the fluidic capacitance responsive to pressure measurements 
obtained by the first and second pressure sensors; a syringe with a 
quantity of fluid, and being in communication with the manifold line 
and configured to selectively add or remove fluid from the manifold; 
and a second mass flow controller, where the first and second mass flow 
controllers are used to automatically provide desired blends of 
selected ventilation gases to the subject. The selected breath per 
minute cycle is 30 ...signal acquisition. The computer program product 
further comprises a computer program code that automatically 
dynamically adjusts the flow rate of the mass flow controller to 
maintain the constant first pressure during ventilation delivery of 
the hyperpolarized gas to the subject; a computer program code for 
accepting user. . . 



...modes: a tidal volume operational mode with the desired tidal volume 
selected; and a peak inspiration pressure operational mode with the 
desired peak inspiration pressure selected; a computer program code 
that selectively configures the gas delivery valve for inhale, exhale, 
or . breath -hold operation; a computer program code that selectively 
operates the gas delivery valve to output... 

...polarized gas; a computer program code that controllably actuates the 
gas delivery valve to select ventilation operation between at least: 
the hyperpolarized gas inhale, the non-polarized gas inhale, a 
combination. . . 

...operates the first and second mass flow controllers to automatically 

provide desired blends of selected ventilation gases to the subject. 
The hyperpolarized gas is a hyperpolarized noble gas. The non-polarized 

Title Terms: VENTILATION ; 
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Infant's forced expiratory maneuver performing method for testing 
pulmonary function, involves immediately deflating infant's lungs to 
produce maximum forced expiration 
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Infant's forced expiratory maneuver performing method for testing 
pulmonary function, involves immediately deflating infant's lungs to 
produce maximum forced expiration 
Abstract (Basic) : 

The method involves monitoring an end-tidal C02 
concentration of an infant's respiration during each respiratory 
cycle. Infant's lungs are inflated to total lung volume after a 
determination that the end-tidal C02 concentration decreases from 
the baseline concentration by the pre-defined amount . The infant's 
lungs are immediately deflated to produce a maximum forced expiration. 

Lungs of an infant are inflated with air synchronously with 
natural tidal inspiration to a lung volume that is greater than 
that reached at an end tidal inspiration for consecutive respiratory 

cycles. The end-tidal C02 concentration whether decreases or not 
from a baseline concentration by a predefined amount is determined 
. An INDEPENDENT CLAIM is also included for an apparatus of performing 
a maximum forced expiration... 

...The method limits the risk in over reduction in carbon dioxide and 
also allows for the determination of the optimal time to perform the 
compression without the need to observe the respiratory effort of the 
infant for an extended period of time... 
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Method of providing breathing gases to the patient breathing in 
respiratory cycles involves passing expiratory breathing gases of 
patient along flow path and taking up given component from expiratory 
breathing gases passing in flow path 

Abstract (Basic) : 

Altering the amount of a given component in breathing gases 

provided to the patient breathing in respiratory cycles involves 
passing expiratory breathing gases of the patient along a flow 
path; taking up a quantity of the given component from expiratory 
breathing gases passing in the flow path; and releasing the 
component taken up into the inspiratory breathing gases to raise 
the concentration of the component in the inspiratory breathing 
gases for the patient. 

Altering- the amount of a given component in breathing gases 

provided to the patient breathing in respiratory cycles involves 
passing expiratory breathing gases of the patient along a flow 
path; taking up a quantity of the given component from expiratory 
breathing gases passing in the flow path; and releasing the 
component taken up into the inspiratory breathing gases to raise 
the concentration of the component in the inspiratory breathing 
gases for the patient Each of the respiratory cycles, has an 
inspiration phase in which inspiratory breathing gases are 
provided to the patient and an expiration phase in which the patient 
exhales expiratory breathing gases . The given component is present 
in the expiratory breathing gases of the patient... 



.An INDEPENDENT CLAIM is included for an apparatus for altering the 
amount of a given amount in breathing gases provided to the 
patient, includes a conduit, a gas component exchanger and a selector. 
The conduit has a flow path for providing inspiratory breathing 
gases to the patient during the inspiratory phases of the respiratory 
cycles and receiving expiratory breathing gases from the patient 
during the expiratory phases of the respiratory cycles. The gas 
component exchanger. . . 



.releasing the given component in gas passing through the exchanger. The 



1 



selector device selectively passes inspiration and expiration 
breathing gases in the conduit through the exchanger. The exchanger 
takes up the given component from the expiratory breathing gases in 
an expiratory phase and then releases the component into the 
inspiratory breathing gases in an inspiratory phase to raise the 
concentration of the component in the inspiration breathing gases 
provided to the patient... 

...The method is useful for altering the amount of a given component in 
breathing gases provided to the patient and for non-invasively 
determining a circulatory system condition e.g. a functional cardiac 
output of the patient . 

...The method carry out the alteration without affecting the exchange of 
other respiratory gases such as oxygen... 

...disturbance to the patient care environment and minimizes the overall 
increase in the breathing circuit- lung dead-space volume . 

Technology Focus: 

... in the flow path of the conduit means and a device for 

selectively passing the breathing gases through the exchanger or 
diverting the breathing gases from the exchanger. The device for 
passing or diverting the breathing gases includes an alternative 
flow path for the breathing gases containing a gas treatment 
device. The gas treatment device comprises a heat and moisture 
exchanger . . . 

...substantially the same. The apparatus further includes a valve for 

selectively passing or diverting the breathing gases . The exchanger 
includes activated charcoal or zeolite for taking up and releasing the 
given component in breathing gases passing through the exchanger. 
The apparatus further includes a ventilator coupled to the conduit for 



gases to the patient and receiving expiratory gases from the patient; a 
flow meter for measuring the flow of breathing gases ; and a 
breathing gas component measuring component between the exchanger 
and the patient... 

Preferred Method : The method further involves: selectively inserting 
the exchanger into the flow path for the breathing gases and the 
exchanger takes up a quantity of the given component from expiratory 
breathing gases in the flow path and releases the given component in 
inspiratory breathing gases in the flow path. The method also 
involves selectively passing breathing gases or bypassing the 
breathing gases around the exchanger. The exchanger takes up a 
quantity of the given component from expiratory breathing gases 
passing through the exchanger and releasing the given component in 
inspiratory breathing gases passing through the exchanger. . . 



...Preferred Gas: The given breathing gas component is C02' 
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Assessment of concentration of compound, e.g. inhalation compound in 
brain of subject involves administering gas containing compound into 
subject to fill pulmonary functional residual capacity 

Abstract (Basic) : 

Concentration of compound in the brain of a subject is 
assessed by administering gas containing compound into subject to fill 
pulmonary functional residual capacity . 

Assessment of concentration of compound in the brain of a 
subject involves administering a gas containing the compound into a 
subject to fill the pulmonary functional residual capacity ; after 
having filled the functional residual capacity with the gas, measuring 

an inspired compound concentration (Ci 1 ) and an expired compound 
concentration (Ce 1 ,); assessing a mixed venous -compound concentration 

(Cb 1 ,) based on formula Cb ' - (Ci 1 (M-l ) +Ce ' , ) /M; and assessing a 
compound concentration in the brain (Cb) based on formula 
Cb=(Ce , +Cb' , ) /2. . . 

. . .medium that stores machine-executable instructions that causing a 
machine to receive values representing the concentration of a 
compound administered in a gas into a subject to fill the pulmonary 
functional residual capacity ; and output a representation of a 
compound concentration in the brain; and. . . 

...b) an apparatus comprising a display; and a processor configured to 
receive values representing the concentration of a compound 
administered in a gas into a subject to fill the pulmonary functional 
residual capacity ; and control the display to depict a representation, 
of a compound concentration in the brain... 

...For assessing the concentration of compound, e.g. inhalation 
compound in the brain of a subject... 



...The invented method is effective in assessing the depth of anesthesia 



Technology Focus: 

Preferred Method : The M is assessed based on formula 
M=l- (Ce 1 /Ci 1 ) , where Ci 1 and Ce 1 are inspired compound concentration 
and an expired compound concentration , respectively, measured at 
the time when 90% of the functional residual capacity is filled with 
the gas . . . 

...Preferred Compound: The compound is anesthetic . The anesthetic is 

isoflurane, haloflurane, desflurane, sevoflurane, or enflurane. 
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Respiratory training apparatus for pulmonary function testing, has 
valve that dynamically controls respiratory gas flow, and flow rate 
monitoring device positioned in flow path of respiratory gas 

Abstract (Basic) : 

... The apparatus has a respiratory function valve (22) that 

dynamically controls a gas flow for a patient (30) . A monitoring device 
is positioned in a flow path of respiratory gas in fluidic 
communication with valve for measuring a flow rate of respiratory 
gas. A control unit electrically connected to flow rate monitoring 
device and the valve, is... 

The control unit receives flow rate data from the monitoring 
device and dynamically determines patient lung volume data at 
each of patient lung volumes in a breathing cycle. The valve is 
controlled to apply respiratory training resistive load patterns to 
respiratory gas flow according to the lung volume data. An 
INDEPENDENT CLAIM is also included for a respiratory training method 
for performing respiratory training on a patient... 

...Used for performing respiratory muscle training on patients for 

pulmonary function testing, CT and MRI imaging of chest, combined. . . 

...The apparatus dynamically and accurately controls patients respiratory 
function and also allows substantial flexibility in the evaluation 
process . The apparatus limits patients discomfort during respiratory 
function control procedures and also allows limiting the range of 
motion of the patients organs... 

...The drawing shows a respiratory control system... 

. . . Breathing conduits (32 
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Airway pressure ventilator parameter setting method for lung disorder 
treatment, involves monitoring airway pressure flow and volume to 
calculate ventilation duration parameter 

Abstract (Basic) : 

The ventilator is placed in airway pressure release 
ventilation mode, and the saturation of blood and carbon dioxide 
levels, ratio of spontaneous to machine minute ventilation , level of 
sedation are measured invasively or non- invasively. The ventilator 
duration is calculated based on airway pressure, flow and volume. 
Initial settings are established using empiric values based... 

For setting parameters such as positive end expiratory 
pressure ( PEEP ), continuous positive airway pressure (CPAP), 
ventilation duration of airway pressure release ventilation (APRV) 
for treatment of lung disorder. . . 

...Increases vent free days, lowers ventilator - related drug cost, 
reduced ventilator associated complications, likelihood of high 
volume lung injury and low volume lung injury. . . 

...The figure shows a flowchart explaining the airway pressure ventilator 
parameter setting method . 
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Respiration function measurement method for treating chronic 
obstructive pulmonary disease, involves comparing change in lung 
volume during breathing with airflow through respiratory system 
during change in lung flow 

Abstract (Basic) : 

organism is placed in a constant volume plethysmograph chamber. 
A signal indicating the change in lung volume during breathing by 
the living organism is compared with a signal indicating the airflow 
through the respiratory system of the living organism to calculate 
the respiratory restriction of the living organism. 

For measuring the respiration function of living organism such 
as adults, children and animals e.g. canines, to diagnose... 

...Provides non-invasive measures of airway obstruction or respiration 

restriction in the subject and allows the subject to adopt natural body 
posture for exercise and sports, thereby providing improved process 
of Imeasuring respiration function of the living organisms... 

. . .The figure shows an explanatory view of the respiration function 
measuring system . 
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Abstract 



(Basic) : 

. . . Method involves calculating minute inspiratory volume, 

breathing volume, respiration frequency, CcalcFcalc with height, age 
and proper and excessive patient body weight taken into account. The 
data are entered into respirator settings menu and artificial lung 
ventilation is started. Breathing volume adjustment is carried out 
once an hour to reach breathing comfort conditions. Respiration 
frequency is adjusted on the basis of capnographic data to reach EtC02 
of 30 mm 

... Enhanced effectiveness in achieving normal ventilation 

conditions. 2 cl . . . 
. . .Title Terms: VENTILATION 
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Pulmonary stress assessing method for breathing apparatus, involves 
determining straight, convex and concave shaped profiles using 
pressure-volume relationship 

Abstract (Basic) : 

... A volume of respiratory gas is obtained from the lungs of an 

exhaling patient (6) to measure an ensuring... 

...straight, convex or concave shaped profiles corresponding to constant 
lung compliance, reduction or increase in lung compliance using the 
pressure- volume relationship. 

An INDEPENDENT CLAIM is included for breathing apparatus... 

...For assessing pulmonary stress using breathing apparatus (claimed) 

used for automatic resetting of positive end expiratory pressure 

( PEEP ), tidal volumes, airway pressure, I:E ratio or other 
ventilator controlled parameters... 

...The figure shows a schematic diagram of the breathing apparatus... 

International Patent Class (Main) : A61B-005/08 . . . 
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Assessing concentration of compound e.g. anesthetics in brain, by- 
administering compound in gas to fill pulmonary functional residual 
capacity and measuring inspired, expired and mixed venous drug 
concentration based on specified relation 

Abstract (Basic) : 

Concentration of a compound in brain is assessed by 
administering a gas containing the compound into a subject to fill the 
pulmonary functional residual capacity (FRC), measuring an 
inspired compound concentration (Ci') and expired compound 
concentration (Ce ? ), assessing mixed venous compound concentration 
(Cb') based on a specified relation including alveolar membrane factor 
for the compound. 

. . . Method of assessing the concentration of a compound in brain 

comprises administering a gas containing the compound to fill the 
pulmonary FRC, measuring an inspired compound concentration (Ci 1 ) 
and an expired compound concentration (Ce 1 ) , assessing a mixed venous 
compound concentration (Cb 1 ) based on the formula 

Cb ! =(Ci' (M-1)+Ce f )/M (where M is an alveolar membrane factor for the 
compound) , and assessing a compound concentration in the brain (Cb) 
based on formula Cb= (Ce 1 +Cb 1 ) 12 . . . 

...readable medium that stores machine executable instructions causing a 
machine to receive values representing the concentration of a 
compound administered in a gas to fill the pulmonary FRC, and output Cb 

...Used for assessing the concentration of an inhalational compound 
(e.g. an anesthetic ) in the brain of a subject after administration 
of the compound, to assess the depth of anesthesia . 



.The method allows determination of the correlation between an 



inhalational compound concentration in the brain and the average of 
an expired compound concentration and a mixed venous concentration , 
so that, without blood sampling, the concentration of an 
inhalational compound in the brain can be assessed based on 
measurements of inspired and expired compound concentrations , 
providing an objective method for determining the depth of 
anesthesia . With the measurements of Ce 1 and Ob 1 , the compound 
concentration in the brain (Cb) is readily obtained 
Technology Focus: 

Preferred Method : The values also include a second inspired 
compound concentration (Ci) and a second expired compound 
concentration (Ce), in which Ci and Ce are measured at the time when 
90% of FRC is filled with the gas, and M is... 

...from Ci and Ce, monitor a time interval, and trigger the detection to 
sample the inhalation compound from an inspiration and an 
expiration after filling FRC with the gas... 

...Preferred Compounds: The compound is an anesthetic comprising 
isoflurane, haloflurane, desflurane, sevoflurane or enflurane. 
Extension Abstract: 

... a gas containing a desflurane to a patient. A tube was connected 

to the circle system of an anesthesia machine consisting of gas 
flow meters, a compound vaporizer, supply of oxygen, air and nitrous 
oxide gas and a ventilator . The gas was then delivered to the 
patient by the anesthesia machine. Desflurane was vaporized, taking 
up 6-8% of the total gas, and delivered at a flow rate of 3000 
ml/minute. Near the connection between the circle system and the 
tube, a side arm sampling site was linked to a gas monitoring equipment 

...Desflurane had a membrane factor, M, of 0.2 for most patients. A more 
precise determination of M was performed at the end of 3 minutes, 
when 85-95% of the fluid residual capacity was filled with the gas. The 
inspired desflurane concentration and the expired desflurane 
concentration of the patient at this time, was measured and the 
patient's membrane factor M was obtained. If the inspired desflurane 
concentration was 6% and the expired desflurane concentration was 
recorded as 4.8% at 3-4 minutes, the patient's membrane factor for... 

...Title Terms: ANAESTHETIC ; 
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Respiration path reactivity measuring method for treatment of 
chronic obstructive pulmonary disease, involves calculating signal 
indicating respiratory restriction of living organism by processing two 
input signals 



Abstract (Basic) : 

... input signals (110,210) obtained from two sensors (100,200) 

respectively indicate the change in lung volume and the airflow 
through the respiratory system of a living organism during the change 
in lung volume . The two input signals are processed so as to 
calculate a new signal (410) indicating respiratory restriction of 
the living organism. 

... a) Clinical airway obstruction measuring method ; and. . . 

...For measuring respiratory function of living organism, including 
adults, infants, children and conscious animal such as canines for 
diagnosis and treatment of respiratory conditions and diseases e.g. 
chronic obstructive pulmonary disease, asthma, apnea, dyspnea and 
emphysema ... 

...Provides non-invasive measures of airway obstruction or respiration 
restriction in the living organism. Permits real time analysis using 
several measured variables to access respiratory function. Enables 
detecting increase in respiratory system impedance by measuring 



gas compression or expansion indirectly, using non-invasive sensors, by 
providing signal indicative of respiration restriction of the 
organism- . . 

...The figure shows a top level flow diagram illustrating the respiratory 
function measuring method . 

Title Terms: RESPIRATION ; 
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Device for rapidly determining lung diffusion capacity measures 
helium concentration by measuring transition times of ultrasonic 
pulses between two ultrasonic transmitter/ receivers 

Abstract (Basic) : 

The device measures the concentration of carbon monoxide and 
helium in the air breathed in and out . It measures helium 
concentration by measuring transition times of ultrasonic pulses 
between two ultrasonic transmitter/receivers, especially piezoelectric 
ultrasonic transmitter/receivers. The time is measured from the 
charge on a capacitor accrued during the transition. 

For rapidly determining lung diffusion capacity and 
diffusion capacity distribution anomalies... 



.Enables rapid continuous measurement of helium concentration 



...The drawing shows a schematic sectional perspective exploded block 
diagram representation of an arrangement for determining lung 
diffusion capacity and diffusion capacity distribution anomalies 
(Drawing includes non-English text 
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determining functional residual capacity of lungs during 
, useful in newly-born or premature babies and for determining 



intra-pulmonal gas distribution disorders , employs f luoro propane 
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determining functional residual capacity of lungs during 
, useful in newly-born or premature babies and for determining 



Method of 

breathing 

intra-pulmonal gas distribution disorders, employs 



fluoro - propane 



Abstract (Basic) : 

... A method (I) of determining functional residual capacity 

of the lungs comprising the use of fluoro - propane, (II). 
... Preferred Method : (I) comprises... 

...1) production of a predetermined concentration of fluoro - propane 

in the lungs by flushing them to saturation. . . 
...2) measurement of fluoro - propane /volumes (VI - Vn) in expired 

gases for successive breaths (A=l - n) in subsequent flushing-out 

phases, using a sensor (14... 



3 ) determination 
fluoro - propane 



of the corresponding concentrations 
/in each breath , using a computer. . . 



Kl 



Kn of 



.4) determination of the time of breathing the mean concentration 
of fluoro - propane is multiplied by the relevant volumes... 

.5) calculating a value for the functional residual capacity (FRC), the 
quotient of the calculated , expired volume of f luoropropane and the 
difference between the f luoropropane concentration K0 at the start 
of the flushing-out phase and that KA during the breath A; and... 



.the result FRC lies in a given band of tolerance, 5-20% of the last 
calculated value FRCn . . . 



...I) is used to determine the functional residual capacity of the 
lungs during breathing . The method determines lung state, e. 
in premature and newly-born babies and is useful for following the 
effectiveness of therapy. Intra-pulmonal gas distribution disorders 
be quantified at the same time... 

...Infra red optical analyzers are suitable for measurement in the 
waveband 3 mum -10 mum. gas... 

... Fluoropropane source (6... 

... Breathing unit (16 
Technology Focus : 

The fluoro - propane is hep taf luoropropane , 
hexaf luoropropane or per fluoropropane . 
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Gas supply system for a breathing apparatus, has an adapter at the 
gas bottle valve for an additional test gas supply to measure the 
patient's residual lung capacity 
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Gas supply system for a breathing apparatus, has an adapter at the 
gas bottle valve for an additional test gas supply to measure the 
patient's residual lung capacity 

Abstract (Basic) : 

The gas supply system , to deliver an additional gas for a 
breathing apparatus, has an adapter (1) to attach the gas bottle (2) 
to the collar (5 . . . 

...the gas bottle, and it has a nominal fracture point (17) so that the 
ratchet system is destroyed when the adapter is detached from the 
collar. The connector is a bayonet... 

The gas supply is for a breathing apparatus, where an 
additional test gas is used to measure the patient's residual lung 
capacity e.g. helium or heptaf luoropropane . 



...The system gives an additional gas supply, which is easily fitted 

using the adapter with a conventional 
...Title Terms: SYSTEM ; 
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measures flow rate of exhaled gas and concentration of constituents in 
exhaled gas 
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Non-invasive, anatomical deadspace volume measuring apparatus, 
measures flow rate of exhaled gas and concentration of constituents in 
exhaled gas 



Abstract (Basic) : 

... Sensor (4) measures the flow rate of gas exhaled through an 

interface (10) such as nasal mask. A gas analyzer (6) measures the 
concentration of oxygen, carbon dioxide in the exhaled gas. A 
controller (14) determines the volume of the anatomical deadspace by 
deriving inflection points in gas constituent concentration waveform 
produced based on the flow rate and the gas constituents. 

An INDEPENDENT CLAIM is also included for anatomical deadspace 
volume measurement method . 



...For measuring anatomical deadspace volume for controlling medical 
ventilator . 



The accurate and repeated determination of the anatomical deadspace 

volume of a patient, enables control of medical ventilators to fill 

the total lung volume with breathing gas , without discomfort to 

patient and also reducing the risk of pulmonary trauma... 

The figure shows the block diagram of the deadspace volume measuring 
apparatus 



...Title Terms: MEASURE ; 
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Functional residual lung capacity measuring 
gas principle with perf luorocarbon as tracer / 



method using tracer 



1 



Abstract (Basic) : 

The measuring method has a perf luorocarbon, which is stored 
in its liquid phase and used in its gas phase as the tracer for 
measurement of the functional residual lung capacity via a tracer 
principle. The component of the tracer gas within the respiration gas 
volume is between 0.1 and 5 %.... 

An INDEPENDENT CLAIM for a functional residual lung capacity 
measuring device is also included. . . 

...The measuring method is used for determining the functional residual 
lung capacity for clinical routine monitoring or lung function 
diagnosis . . . 



, The use of perf luorocarbon as the tracer gas has a minimum effect on 
normal respiration . 



. . .The figure shows a schematic representation of a functional residual 
lung capacity measuring device with perf luorocarbon used as the 
tracer gas in an open system. (Drawing includes non 
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Residual lung volume of infants measurement method for clinical 
and research studies of lung function, involves switching infant's 
inspired air to pure oxygen or gaseous mixture containing inert gas 

Abstract (Basic) : 

... residual volume (RV) . The infant's inspired air is switched to 

100% oxygen if using nitrogen washout or to a gaseous mixture 
containing inert gas . Upon resumption of spontaneous respiration , 
thoracoabdominal compression is terminated and remaining gas in the 
lung is measured by inert gas washout or dilution. 

An INDEPENDENT CLAIM is also included for forced vital capacity 
and residual lung volume (RV) measurement method . 



...Used for routine clinical and research studies of lung function of 
infants to determine efficacy of therapeutic interventions and to 
evaluate relation between lung injury and chronic lung disease and 
also used in experimental animal studies... 

...Provides a non-invasive technique used for reproducible routine 
measurement of RV by nitrogen washout in infants... 

...The figure shows a schematic view of nitrogen washout circuit 
...Title Terms: MEASURE ; 
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Respiratory function measurement method for living organism, 
involves comparing signals indicating change in lung volume and air 
flow through respiratory tract to generate signal indicating 
respiratory restriction 
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Respiratory function measurement method for living organism, 
involves comparing signals indicating change in lung volume and air 
flow through respiratory tract to generate signal indicating 
respiratory restriction 

Abstract (Basic) : 

The signals obtained from two sensors to respectively indicate a 
change in a lung volume and an air flow through the respiratory 
tract during the variation of lung volume , are compared to generate 
a signal indicating the respiratory restriction of the living 
organism. 

An INDEPENDENT CLAIM is also included for respiratory function 
measurement system . 




...For measuring respiratory function of living organisms .. . 

...Permits real-time analysis of several measured variables to assess 
respiratory function. Provides non-invasive measurement of airway 
obstruction or respiration restriction in subjects. Monitors response 
to treatment such as bronchodilators . . . 

...The figure shows the block diagram of respiratory function 
measurement system . 

Title Terms: RESPIRATION ; 
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Gas supply system for the inhalative treatment of humans and mammals 
suffering from asthma and chronic obstructive pulmonary disease has an 
inspired- volume -dependent controlled dosage of at least one gas 

Patent Assignee: MESSER AUSTRIA GMBH (MESG ); MUELLNER R (MUEL-I) 

Inventor: MUELLNER R 

Number of Countries: 021 Number of Patents: 004 
Patent Family: 

Kind Date Applicat No Kind Date Week 
A2 20010621 WO 2000EP12246 A 20001206 200147 B 
Al 20010705 DE 1061206 A 19991218 200147 

A2 20020918 EP 2000993379 A 20001206 200269 
WO 2000EP12246 A 20001206 

WO 2000EP12246 A 20001206 200362 
US 2002149616 A 20021023 



Patent No 
WO 200143806 
DE 19961206 
EP 1239911 



US 20030172929 Al 20030918 



DE 1061206 A 19991218 



Filing Notes 



(Regional) : AT BE CH CY DE DK ES FI FR GB GR IE IT LU 
A61M-016/00 

A61M-016/12 Based on patent WO 200143806 
(Regional) : AT BE CH CY DE DK ES FI FR GB GR IE IT LI 



Priority Applications (No Type Date) 
Patent Details : 

Patent No Kind Lan Pg Main IPC 
WO 200143806 A2 G 15 A61M-016/12 
Designated States (National) : US 
Designated States 
MC NL PT SE TR 
DE 19961206 Al 
EP 1239911 A2 G 
Designated States 
LU MC NL PT SE TR 
US 20030172929 Al A61M-016/00 

Gas supply system for the inhalative treatment of humans and mammals 
suffering from asthma and chronic obstructive pulmonary disease has an 
inspired- volume -dependent controlled dosage of at least one gas 

Abstract (Basic) : 

An INDEPENDENT CLAIM is also included for a process for 
operating gas supply systems comprising determining a breath 
volume curve using a sensor and carrying out a controlled gas dosage 
depending on the... 

...For the inhalative treatment of humans and mammals, especially 

patients with asthma and chronic obstructive pulmonary disease (claimed 

Technology Focus : 

... The gas supply system contains an additional gas line (6) with a 

sensor (8) for measuring the breath pressure or breath flow. 
International Patent Class (Main) : A61M-016/00 . . . 
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Determining compartmentalized lung relationships such as tidal or 
alveolar volumes, perfusion/ ventilation /volume ratios comprises using 
Fexp (lambda, n) - (Fbolus/Vt2) SIGMAiVtig (xi ,yi , lambda, n) 

Abstract (Basic) : 

... Determining (Ml) a relationship in lung compartments, with at 

least one characteristic relating to tidal volume (Vti), alveolar 
volume (Vai), or perfusion (Q) distributions, or ventilation 
/perfusion (Vt/Q), ventilation /volume (Vt/Va), or perf usion/volume 
(Q/Va) ratios, comprises expressing them in a form 

... Ml involves determining a distributive relationship in the 

lungs of a subject, where the distribution occurs among several... 

...one characteristic relating to tidal volume (Vti), alveolar volume 
(Vai), or perfusion (Q) distributions, or ventilation /perfusion 
(Vt/Q), ventilation /volume (Vt/Va), or perf usion/volume (Q/Va) 
ratios, comprising. . . 

...causing the subject to inspire a bolus of analytical gases in a tidal 
volume of breathing gases , where the analytical gases have 
different solubilities in blood and are inspired in known amounts ; 
(. . . 



.ii) measuring analytical gas concentrations in the expired 
breathing gases for at least one breath ; 
( . . . 



...iii) expressing the expired concentrations of analytical gases in a 
form : Fexp (lambda , n ) = ( Fbolus/Vt 2 ) SIGMAiVt ig ( xi , yi , lambda . . . 

. . .b) Fexp=expired analytical gas concentration ; 
(. . . 

. . . j) n= breath number; and. . . 

. ..k) DELTAt=duration of breath ; 
(. . . 

...An INDEPENDENT CLAIM is also included for determining (M2) the 

distribution of Vt of gases inspired by a subject into his/her lungs... 

...the subject inspire a bolus of analytical gases with different blood 
solubilities and known inspired amounts in a tidal volume of 
breathing gases ; 
(... 

...b) measuring concentrations of the analytical gases in the expired 
breathing gases for at least one breath ; 
(. . . 

...c) expressing the expired concentrations of analytical gases in a 
form: Fexp (lambda, n) = ( Vbolus/Vt2) SIGMAiVtig (xi , yi , lambda . . . 

. . .The method is used to determine a relationship in the compartments 
of the lungs of a subject (claimed). This can be... 

...Prior methods such as the MIGET, were very laborious and invasive. 
They were not amenable to determining certain lung characteristics. 
They did not give information regarding the ventilation per unit gas 
volume and its distribution characteristics. The MIGET could not 
determine such diagnostic information such as pulmonary tissue 
volume and amount of water in the lungs since, in steady state, 
these only act as static storages... 

...The figure shows a flow chart describing the method of the invention 
Technology Focus: 

Preferred Method : Step (d) in Ml is further defined as setting 
the compartmental Vti/Qi and Vti... 

...at least one extremum value can be obtained by application of an 

appropriate constraint, the method being further defined as obtaining 
a minimum extremum value and solving (II) as obtaining several... 

. . .positive, is dependent on the modified Maxwell-Boltzmann function. 

Function E is minimized using the method of Lagrange multipliers. M2 
further comprises ascertaining at least one of the functional 
residual capacity (FRC) of the lungs of the subject and the 
pulmonary blood flow (Q) of the subject where a weight factor in the 
method of Lagrange multipliers relates to FRC and/or pulmonary blood 
flow; (II) is solved using. . . 

...present on healthy lungs, xi is a constant and the compartments occupy a 
range of ventilation /perfusion ratio (Vt/Q) values, or yi is a 
constant and the compartments occupy a range of ventilation /volume 
ratio (Vt/Va) values, or both xi and yi are variables and the 



compartments . . . 

...solubilities in a desired range, preferably from 0.05 to more than 10. 
Expired gas concentrations are measured in several breaths , 
preferably before recirculation of the blood. M2 further includes 
determining the magnitude of pulmonary blood flow from the Vti of the 
distribution and from Vt/Q ratios. FRC is determined using expired 
concentration measurements of one of the analytical gases. Amounts 
of pulmonary tissue volume and lung water are determined using 
expired concentrations of the analytical gases. Correction is 
provided for anatomical dead spaces in the subject. M2 further 
comprises measuring the functional residual capacity of the lungs 
before step (c) and solving (II) using a Monte Carlo simulation and 
satisfying Vt=more. . . 

...Preferred Gases: The gases are SF6 , NO, N20 , (CH3)20, CH30CH, CH2 , 
C02 and fluorated hydrocarbons (HFC) 125, 134a, 152a, 227ea, and 32. 

Title Terms: DETERMINE ; 
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Determining pulmonary functional capacity of critically ill or 
artificially ventilated patients by calculation from amount of 
indicator gas inhaled and exhaled in given time or set of breaths 

Abstract (Basic) : 

... The functional residual pulmonary capacity (FRC) of a 

patient is determined by adding indicator gas into breathing gas 
(es) delivered to a patient. The amounts of indicator gas delivered 
(SIGMA VIn) and exhaled (SIGMA Vout) in a given breath and a number 
of preceding breaths are summed separately as is the amount of the 
indicator gas exhaled in the same breaths . This is used to indicate 
the concentration of the indicator gas (FET) in the lungs during 
these breaths . FRC is calculated from SIGMA VIn=FET x FRC + SIGMA 
Vout x K where FRC and K are. . . 

An INDEPENDENT CLAIM is included for the following: (a) A 
modification of the above method replaces SIGMA VIn and SIGMA Vout 
with the amount of gas delivered annd exhaled in a given time period 
, and FET with a differential concentration of the gas in the lungsd 
during this period (DELTA FET). Preferred Features: K and FRC are 
determined by a multi-stage regression analysis using least squares. 
The indicator gas is delivered to the patient until FET remains 
constant between breaths . Alternatively the gas is delivered for only 
the first of the breaths . Alternatively different amounts of the 
gas are delivered during the breaths . Alternatively a dose of the gas 
is delivered over the breaths . 



Determining pulmonary functional capacity of critically ill or 



artificially ventilated patients. . . 

...The breathing regimen of the patient is disturbed minimally... 

. . . breathing tube (12 . . . 

. . . respirator (14 . . . 
... inhalation limb (16 
Technology Focus: 

... The indicator gas is sulphur hexafluorine and forms at most 0.5 

% of the breathing gas (es) . 
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Determination method for the volumetric capacity of interconnecting 
tubing in patient respiratory system 

Abstract (Basic) : 

The determination method is carried out when the flow of 
patient breathing air/gas is virtually zero. A predetermined flow of 
gas is added to the system, whist maintained at constant pressure. Whe 
added gas starts to flow out of the system , its volume may be 
determined from the out-flowing gas marker 1 , enabling assessment of 
the volume of gas which has... 

... For assessing volumetric capacity of interconnecting tubing 

system in respiratory care while a patient is connected, enabling 
exclusion of the volume of the patient airway and lungs . 

...efficiently determines total elastic volume of interconnecting tubing 
system, while the patient is connected for ventilation but during 
breathing pauses during respiration . 



...Figure of a diagram illustrating the breathing cycle of a patient 
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Method for gating therapeutic or diagnostic energy to tissue volume of 
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Based on patent WO 9943260 
Provisional application US 9875990 
Method for gating therapeutic or diagnostic energy to tissue volume of 
medical patient during respiratory cycle 



Abstract (Basic) : 

flowing to and from the a patient f s lungs are monitored to 
provide quasi-continuos measurements as a function of time, of flow 
rate, of pressure, patient lung volume and carbon dioxide 
concentration . The measurements are utilized to trigger the time 
period during which the energy is gated on, at the beginning of the 
selected portion of the respiration cycle, and the time period during 
which the energy is gated on, is terminated at the end of the selected 
portion of the respiration cycle. 

An INDEPENDENT CLAIM is included for a system for gating 
therapeutic or diagnostic energy to tissue volume of medical patient 
during respiratory cycle . . . 

...For gating therapeutic or diagnostic energy to tissue volume of medical 
patient during respiratory cycle... 

...assumed spatial position of the tissue volume arising from displacements 
induced by the patient's respiration . 
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Apparatus for adding special gas to patient's breathing 
delivered according to requirements into carrier gas via 
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Apparatus for adding special gas to patient's breathing circuit... 

..Abstract (Basic): A special gas dose delivery unit is incorporated in 
respiratory equipment. It includes a flow conduit (19) for delivering 
the special gas from a source... 



...parameters are set via a computer (27). A control unit (26) receives 

inputs from a respiration monitor and the computer (27) . It provides 
a signal for operating the valve (21) to... 

...USE - The special gas incorporated into the normal breathing mixture 
may be for diagnostic or therapeutic purposes. It may be nitric oxide 
for improvement of lung perfusion and thus -patient 02 uptake raising 
the blood oxygen saturation, sulphur hexafluoride for measuring 1 the 
lung functional residual volume , or nitrous oxide for 



measuring the lung capillary blood flow. . . 

...gas or its reaction products with other gases. The interaction time 
between the special and breathing gases before inhalation is 
shortened. The equipment is also designed to minimise apparatus near 
the patient's mouth... 

...Title Terms: BREATH ; 
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Method of determining functional residual capacity and other lung 
vol. of patient - involves comparing gas mixture or inspiration and 
expiration until difference falls below defined level for one cycle or 
until gas cone, changes can be predicted from variations in gas cone. 
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Method of determining functional residual capacity and other lung 

vol . of patient ... 

...involves comparing gas mixture or inspiration and expiration until 
difference falls below defined level for one cycle or until gas cone. . . 

...Abstract (Basic): The method involves introducing helium or another 
inert gas and using an oscillation or other measurement . A gas 
mixture contg. helium is fed to the patient or subject in an open 
system via a respirator or other breathing aid and the cone, and 
quantity of the gas mixture and hence of the helium is measured by 
a measurement device /(5) attached to the tube or breathing mask... 

...The gas cone, or density is measured on expiration and the lung vol. 

determined by comparing the gas mixture or inspiration and 

expiration. The steps are repeated until the difference falls below a 
defined level for. . . 



...ADVANTAGE - Can even be used during automatic breathing . 
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Method for artificially ventilating patient by determining class of 
lungs - selecting appropriate inspiratory waveform for particular patient 
lung class, and checking if patient lungs have equal individual time 
constants, unequal compliance, or equal compliance and unequal resistance 
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Number of Countries: 071 Number of Patents: 003 
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Method for artificially ventilating patient by determining class of 
lungs ... 

. . .Abstract (Basic) : To determine the class of lungs it is determined 
whether the patient has lungs with equal individual time constants, 
lungs of unequal compliance with. . . 



...The patient is ventilated a first time, then ventilated a second 
longer time throughout a selected time period or number of breaths 
while maintaining tidal volume constant. The end tidal carbon 
dioxide concentration of the gas exhaled by the patient is sensed 
following each waveform, and compared. . . 

...USE/ADVANTAGE - For delivery of ventilatory parameters including 

waveform, inspiratory time, inspiratory pause and tidal volume , among 
others, dependent on identified lung class of patient. Equalises 
distribution of ventilation in lungs with unequal resistance and or 
unequal compliance, and, minimises mean lung pressure over... 
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Method of determining anaerobic threshold in humans by measuring 
ventilation parameters - involves calculating value from formula 
comprising pulmonary capacity , its C02 and 02 content parameters 
and plotting against time 
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Method of determining anaerobic -threshold in humans by measuring 



ventilation parameters. . . 



...involves calculating value from formula comprising pulmonary 

capacity , its C02 and 02 content parameters and plotting against 
time 

. . .Abstract (Basic) : The method depends on work done per time unit, the 
parameters being pulmonary capacity (Ve) , C02 content of 
pulmonary capacity (VC02) and 02 content of pulmonary capacity 
(V02) . The work load per time unit is increased in predetermined 
increments while simultaneously measuring the pulmonary capacity 
and its C02 and 02 contents. According to the relation... 

...the value of x is calculated on the basis of the measurements and 
plotted over time t. By joining the values of x during a specific 
exercise . . . 

...The ventilation parameters may be determined when the work load is 
increased step by step or continuously. . . 

. . .ADVANTAGE - Eliminates taking of blood samples and measuring of 
blood lactate, while giving great accuracy. . . 

...Abstract (Equivalent): The method depends on work done per time unit, 
the parameters being pulmonary capacity (Ve) , C02 content of 
pulmonary capacity (VC02) and 02 content of pulmonary capacity 
(V02) . The work load per time unit is increased in predetermined 
increments while simultaneously measuring the pulmonary capacity 
and its C02 and 02 contents. According to the relation... 

...the value of x is calculated on the basis of the measurements and 
plotted over time t. By joining the values of x during a specific 
exercise . . . 

...The ventilation parameters may be determined when the work load is 
increased step by step or continuously. . . 

. . .ADVANTAGE - Eliminates taking of blood samples and measuring of 

blood lactate, while giving great accuracy. . . 
Title Terms: METHOD ; 

International Patent Class (Main) : A61B-005/08 . . . 
. . . A61B-005/083 . . . 
. . . A61B-005/22 



30/3, K/99 

DIALOG (R) File 350:Derwent WPIX 

(c) 2004 Thomson Derwent . All rts. 



reserv. 




010279254 **Image available** 
WPI Acc No: 1995-180511/199524 
XRPX Acc No: N95-141720 

Measuring functional residual capacity of lung - by timing rise and 

fall in concentration of supplied trace gas in expired air, and 

calculating volume of gas 
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capacity of lung - ... 



. . .by timing rise and fall in concentration of supplied trace gas in 
expired air, and calculating volume of gas 



. . .Abstract (Basic) : The method of measuring function of lungs involves 
feeding a breathing gas of a given concentration into the lungs 
via a gas meter. A concentration of trace gas inspired and expired 
from the lungs is measured . Supply of trace gas is stopped when the 
two concentrations become identical. The concentration of trace gas 
expired is measured until it falls below a given threshold value... 

...The flow of expired gas is measured for every respiratory cycle in 
this phase. The volume of gas expired in the second phase is 
calculated from the concentration and the measured flow of gas... 

...USE/ADVANTAGE - For use during anaesthesia . Corrects for rebreathed 
gas by measuring fall time of trace gas. Improved accuracy... 

...Abstract (Equivalent): A method for determining the functional 
residual capacity of lungs , comprising the steps of . . . 

...supplying a predetermined concentration of a trace gas to a breathing 
gas and feeding said breathing gas with said predetermined 
concentration of said trace gas into the lungs through a gas meter 
during a wash-in. . . 



. . . measuring the concentration of said trace gas in gas inspired by and 
expired from the lungs with said. . . 

...stopping the supply of said trace gas when the concentration of said 
trace gas measured in the expired gas becomes identical to the 
concentration measured in the inspired gas... 

. . . measuring the concentration of said trace gas in the expired gas in 
said washout phase with said gas meter until the measured 
concentration falls below a predetermined threshold value... 

. . . measuring the flow of expired gas for every respiratory cycle in 

said washout phase; and. . . 
...at an end of said washout phase, calculating the volume of said trace 

gas expired during the washout phase from the measured concentration 
of said trace gas in the expired gas and the measured flow of 

expired gas, and calculating the functional residual capacity of 

the lungs by dividing said volume , of said trace gas by said 

concentration of said trace gas 
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[57] ABSTRACT 

In a method and a ventilator device for measuring the 
functional residual capacity, FRC, of lungs, a trace gas is 
mixed with a breathing gas in a gas mixer and the mixture 
os fed into the lungs via an inspiratory tube. When a 
predetermined concentration of trace gas is achieved in the 
lungs, the supply of trace gas is stopped, and a washout 
phase starts. During the washout phase, the concentration of 
trace gas in expired gas and the flow of expired gas are 
measured. The measurement values are sent to an analyzer 
which calculates the volume of trace gas in the lungs. 
Functional residual capacity can then be determined from 
the calculated volume of trace gas. The trace gas is prefer- 
ably SF 6 . 
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equipped with a flow meter near the inspiratory tube 6 and 
FRC determined during the wash-in phase. Further, the 
ventilator device 2 in FIG. 1 can be used for spontaneously 
breathing patients as well as for supported and controlled 
mechanical ventilation of patients. In controlled mechanical 
ventilation of the patient, inspiratory flow through the 
inspiratory valve 22 can be controlled so exactly that this 
flow is always known (less than 0.1% deviation from set 
flow), and a flow meter is then unnecessary when determin- 
ing FRC during wash-in. The ventilator device 2 can also be 
equipped with check valves in the inspiratory and expiratory 
tubes 6 and 10. As stated above, the apparatus 39 in FIG. 2 
can even determine FRC during washout in the same manner 
as in the description of FIG. 1. 

Although modifications and changes may be suggested by 
those skilled in the art, it is the intention of the inventors to 
embody within the patent warranted hereon all changes and 
modifications as reasonably and properly come within the 
scope of their contribution to the art. 

We claim as our invention: 

1. A method for determining the functional residual 
capacity of lungs, comprising the steps of: 

supplying a predetermined concentration of a trace gas to 
a breathing gas and feeding said breathing gas with said 
predetermined concentration of said trace gas into the 
lungs through a gas meter during a wash-in phase; 

measuring the concentration of said trace gas in gas 
inspired by and expired from the lungs with said gas 
meter; 

stopping the supply of said trace gas when the concen- 
tration of said trace gas measured in the expired gas 
becomes identical to the concentration measured in the 
inspired gas; 

starting a washout phase; / 

measuring the concentration of said trace gas in the 
expired gas in said washout phase with said gas meter 
until the measured concentration falls below a prede- 
termined threshold value; 

measuring the flow of expired gas for every respiratory 
cycle in said washout phase; and 

at an end of said washout phase, calculating the volume 
of said trace gas expired during the washout phase from 
the measured concentration of said trace gas in the 
expired gas and the measured flow of expired gas, and 
calculating the functional residual capacity of the lungs 
by dividing said volume, of said trace gas by said 
concentration of said trace gas. 

2. A method as claimed in claim 1, comprising the 
additional step of setting said gas meter to a null level for the 
concentration of said trace gas at said predetermined con- 
centration. 

3. A method as claimed in claim 1, comprising the 
additional steps of: 

storing measurement values obtained during the washout 

phase in a memory; 
measuring a signal drift of said gas meter; and 
correcting the stored measurement values for the mea- 
sured signal drift before calculating said volume. 

4. A method as claimed in claim 1 wherein the step of 
measuring the concentration of said trace gas in the inspired 
gas comprises measuring the concentration of said trace gas 
in the inspired gas during said washout phase followed by 
measuring a volume of residual trace gas and thereby 
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identifying a re-breathed volume of trace gas, and correcting 
the calculated volume of trace gas by compensating for said 
re-breathed volume of trace gas. 

5. A method for deterrnining the functional residual 
capacity of lungs, comprising the steps of: 

feeding a breathing gas comprising a predetennined con- 
centration of a trace gas into the lungs through a gas 
meter during a wash-in phase; 

measuring an inspired concentration of said trace gas in 
gas inspired by the lungs and an expired concentration 
of said trace gas expired from the lungs with said gas 
meter during said wash-in phase until the concentration 
of said trace gas in the inspired gas is the same as the 
concentration of said trace gas in the expired gas; 

measuring an inspired flow of gas for each respiratory 
cycle in the wash-in phase; 

measuring an expired flow of gas for each respiratory 
cycle in said wash-in phase; 

calculating a volume of inspired trace gas in said wash-in 
phase from the measured inspired concentration of said 
trace gas and the measured inspired flow of gas and 
calculating a volume of expired trace gas from the 
measured expired concentration of said trace gas and 
the measured expired flow of gas; and 

calculating a volume of said trace gas in the lungs by 
. subtracting the volume of expired trace gas from the 
volume of inspired trace gas, and calculating the func- 
tional residual capacity of the lungs by dividing said 
volume of trace gas in the lungs by said expired 
concentration of said trace gas. 

6. An apparatus for ventilating a patient comprising: 
ventilator means for supplying breathing gas to and 

carrying expired gas away from the lungs of said 
patient; 

a gas source, connected to said ventilator means, for 
supplying a trace gas mixed with said breathing gas to 
the lungs of said patient during a wash-in phase during 
the inspiratory phase of a plurality of respiratory cycles 
until the lungs contain a predetermined concentration 
of the trace gas; 

gas meter means, through which the mixture of said 
breathing gas and said trace gas passes, for measuring 
the concentration of said trace gas during the wash-in 
phase and during a subsequent washout phase in the 
expiratory phase of said plurality of respiratory cycles 
until the concentration of said trace gas measured 
during the washout phase falls below a predetermined 
threshold value; 

flow meter means for measuring expiratory flow during 
said washout phase; and 

analyzer means supplied with said measured values for 
the trace gas concentration and expiratory flow during 
said washout phase, for deterrnining the volume of 
trace gas leaving the lungs and, from said volume of 
trace gas leaving the lungs, determining the functional 
residual capacity of the lungs. 

7. An apparatus as claimed in claim 6 wherein said 
analyzer means comprises a memory in which measurement 
values for the concentration of said trace gas and the flow of 
expired gas are stored during said washout phase. 
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Respiratory gas monitor for displaying e.g average whole body oxygen 
consumption. . . 

. . .multiplies percentage change of oxygen and carbon dioxide content 
in mixing chamber compared to content in supply gas by flow rate in 
supply line, to determine consumption and production rates 

...Abstract (Basic): The appts for monitoring the respiratory gas of a 

patient includes an adjustable volume gas mixing chamber which allows 
for the differences in lung capacity of patients from neonate to 
adult. A constant flow of a therapeutic gas mixture is measured by a 
flow meter in a supply line leading to a face mask breathing device. 
The mask is by-pass connected to the supply line such that the patient 

...Both by-pass and expired gas mix and enter the adjustable -volume 
chamber, which contains an internal fan and sensors for detecting 
percentage content of oxygen and carbon dioxide . The chamber is 
adjusted to a volume where the sensor readings become stable rather 
than pulsatile. The change in percentages of oxygen and carbon 
dioxide content in the chamber, as compared to the content in the 
supply gas, is then entirely due to total-body consumption and 
production. Whole body rates can be determined by multiplying the 
percentage change by the flow rate in the supply line... 

...USE/ADVANTAGE - Monitoring and displaying average whole-body oxygen 

consumption, and/or carbon dioxide production, and/or Respiratory 
Exchange Ratio. Intensive care units with respirators for e.g in care 
of premature infants suffering from respiratory distress syndrome. 
Reduces amount of hardware required and does not require directional 
valves to isolate expired respiratory gases... 
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Determining closing volume of lungs - ... 

. . .using helium and ultrasonic wave transmitting and receiving element 

. . .Abstract (Basic) : Method of determining closing volume is claimed, 
in which helium is forcedly respired in the initial stage of 
respiration , the amt . of expiration and the concn. of He in the 
expired gas are determined on expiration, and closing volume is 
determined from the corelationship between the two values determined 
. An ultrasonic wave transmitting element and an ultrasonic wave 
receiving element are arranged at a distance along the passage of the 
respiration and the expiration. The process comprises calculating 
expiration rate V and speed of sound C from the ultrasonic wave 
propagation rates in the respiration direction and the reverse 
direction between the two elements, and using expiration rate V as an 
equiv. for expiration flow and speed of sound C as an equivalent for 
He concn. respectively... 

...ADVANTAGE - Expiration flow and He concn. can be determined by a 
single ultrasonic wave type sensor, consequently the device for the 
determination can be made small size and low cost and the response 
characteristics in the initiation 
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Alveolar lung ventilation measurement - ... 

. . .by using respiration volume in which is changed 

. . .Abstract (Basic) : The method of measuring the alveolar ventilation 

of the lungs involves measuring the functional residual volume of 
the lungs and the concentration of control gas in the mixture 
exhaled during the process of respiration , after which the degree 
of ventilation is calculated . 



...To increase the accuracy of measuring alveolar lung ventilation , 
the volume of respiration during the process of which half the 
functional resilient volume is changed is measured . 



...For the investigation a spirograph equipped with a respiration volume 
recorder and a sensor of the concentration of nitrogen in exhaled 
gas is used. The spirograph should also be able' to switch from 
atmosphere. . . 

...atmosphere air, then the machine is switched to oxygen supply, and all 
the time the concentration of nitrogen in exhaled gas is measured 
, until it stops reducing. Bui . 48/30 . 12 . 83 
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Ascertaining residual vol. in lung... 

. . .Abstract (Basic) : Method for ascertaining the residual volume in a 
lung/ uses a test gas in a spirometer with oxygen as a stabiliser that ' 
is inhaled. . . 

...the patient after maximum expiration. The test gas is composed of 20% 

oxygen and 80% nitrogen y with the stable isotope Nitrogen 15 between 
8-20 Atom% 15N. The patient breathes the gas on a closed circuit and 
an automatic dosing system for analysing the spectral emission of 
nitrogen 15 is introduced. . . 

...The test is conducted by the analyser until a constant nitrogen 15 
frequency is recorded which indicates a complete mixing between the 
isotope nitrogen and the ordinary nitrogen . From the beginning and 
end frequencies of the spirometer nitrogen and the known spirometer 
volume the unknown nitrogen of the lung is calculated which 
simply gives the residual volume... 

...The progress of the mixing process with respect to time during 
breathing is plotted as a curve. As the progress of the mixing 
process (shape of the curve) and the time for complete mixing are 
different, conclusions about ventilation comparisons can be drawn 
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Pathophysiology of changes in absolute lung volumes 
1998 

f 

ABSTRACT: Changes in absolute lung volumes are common in lung disease 
and result in significant impacts on gas exchange , respiratory 
muscle function , the sensation of dyspnoea, and limitations to maximal 
exercise. Though our knowledge regarding the magnitude and determinants 
of changes in lung volumes in health and -disease has increased in 
the past 20 years, a number of important questions remain unanswered. 
Consideration of the limitations of specific methods for measuring 
lung Volumes is essential when analyzing published studies regarding 
absolute lung volumes in infants, children and adults. Though 
functional residual capacity is most commonly measured in children... 

...directed to making these measurements under clinically more relevant 
conditions (e.g. during exercise, sleep, anesthesia , or mechanical 
ventilation ) . The relationships between dynamic changes in functional 
residual capacity, flow limitation during tidal breaths , sensation of 
dyspnoea and exercise limitation are important to understand, and are the 
focus of . . . 

...evaluating the efficacy of and optimal patient selection for new modes 

of therapy, such as lung volume reduction surgery. 
DESCRIPTORS: 

MAJOR CONCEPTS: Respiratory System... 

. . . Respiration 

...DISEASES: respiratory system disease, acute, pathophysiology, 
chronic 

MISCELLANEOUS TERMS: ...absolute lung volume , functional residual 
capacity , residual volume , total lung capacity 
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Intrapulmonary gas mixing and pulmonary gas exchange in artificially 
ventilated dogs 
1993 

...ABSTRACT: effect of incomplete gas mixing between tidal air and residual 
gas on pulmonary gas exchange, anaesthetized dogs were ventilated 
artificially with breathing patterns with different durations of the 
post-inspiratory apnoea (t-a =0, 0.5, 1.0 and 2.0 s), where tidal 
volume, breathing frequency, inspiratory and expiratory flow patterns 
were kept constant. We determined the alveolar ventilations ( ovrhdot 
V-A) of He and SF-6 from the product of end-expiratory lung volume 
(V-L.E') and specific ventilation V-L,E' was determined by the 
dilution technique and the specific ventilations of the two gases were 
obtained from their multiple- breath washout. Further, tracer amounts 

of acetone, ether and enflurane were infused continuously into a 
peripheral vein and a bolus... 

...a gas mixture of krypton, Freonl2 and SF, was introduced into the 

peritoneal cavity. We determined the Excretion (E) and Retention (R) of 
these six gases according to the. multiple- inert - gas - elimination 
technique (MIGET) . ovrhdot V-A increased with increasing t-a, where 
ovrhdot V-A, He was about 14% larger than for both gases, however, the 
increase in ovrhdot V-A. . . 

...curve shifted to larger E values with increasing t-a. E for the most 
soluble tracer gas (acetone) increased by 11, 21 and 25% for t-a =0.5, 
1.0 and 2.0 s respectively, ovrhdot V-A, determined with MIGET from the 

ventilation /perfusion distribution, increased by almost the same 
percentages . These results are interpreted to indicate that pulmonary 
gas exchange is substantially impaired by incomplete... 
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1988 

ABSTRACT: The relationship between functional residual capacity (FRC) and 
shunt development with halothane anesthesia in 18 nonobese surgical 
patients (age, 21-34 yr) was studied. FRC was measured by helium 
dilution, and intrapulmonary shunt was distinguished from ventilation 
-perfusion inequality by multiple tracer inert gas elimination 
analysis. Awake supine FRC was 34.6 .+-. 6.6% (mean . +- . SD) of total 
lung capacity (TLC) , and closing capacity (CC) was 29.8 .+-. 5.3% of 
TLC. Anesthesia , muscle paralysis, tracheal intubation, and mechanical 
ventilation produced an average 14.6 . +- . 13.3% FRC reduction to an 
average anesthesia FRC 29.8% of TLC (P = 0.002). Shunt increased from 
1.2% .+-. 1.5% awake to 8.6 . +- . 8.3% during anesthesia (P = 0.005). A 
nonlinear relationship was found between shunt and FRC/TCL so that 
anesthetized subjects with an FRC less than awake CC had an average 11.4 
.+-. 8.3. . . 

...regression of shunt on BMI (body mass index = weight /height2 ) showed a 
significant increase during anesthesia (P = 0.005), and smokers had a 
significantly higher slope compared to nonsmokers (P = 0.001). These 
findings suggest a gravity-dependent mechanism for intrapulmonary 
shunting during anesthesia . Therefore, shunting was due to dependent 
regional lung volume reduction associated with an FRC decrease to 
less than closing capacity. The enhanced intrapulmonary shunting. . . 
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Journal: JOURNAL OF APPLIED PHYSIOLOGY, 1994 , V76, N6 ( JUN) , P2832-2839 

ISSN: 8750-7587 

Language: ENGLISH Document Type: ARTICLE (Abstract Available) 
, 1994 

. . .Abstract : feasibility of replacing a conventional mass spectrometer (MS) 
with a specially modified multicomponent (0-2, C02 , Freon 22, and 
SF6 ) acoustic infrared and paramagnetic (IR/PM) gas analyzer in 
inert gas -rebreathing and metabolic gas exchange measurements has 
been investigated. Rebreathing variables were determined simultaneously 
with. . . 

...0.006 + /- 0.030 1/min [0-2 consumption (V02)], and -33 +/- 108 ml 
[combined lung tissue and capillary blood volume (Vti,c)]. The 
coefficients of variation on repeated estimates were 5.8% (FRC) , 5.4... 

...were -0.006 +/- 0.020 1/min (V02) and 0.020 + /- 0.021 1/min ( C02 

production) . Breath -by- breath estimates of V02 and C02 production 
with the IR/PM analyzer were, on average, 2.4 and 4.4% higher... 

...Identifiers — BY- BREATH MEASUREMENT; CARDIAC-OUTPUT; TISSUE VOLUME ; 
LUNG -TISSUE; BLOOD- FLOW; DELAY; VC02 ; V02 

Research Fronts: 92-0735 001 ( GAS - EXCHANGE MONITORING FUNCTION ; 

AUTOMATED BLOOD PRESSURES; INDIRECT CALORIMETRY; STATISTICAL- METHODS 
FOR ASSESSING AGREEMENT) 
92-2119 001 (EXERCISE TRAINING; RESPIRATORY MUSCLE FAILURE; ANAEROBIC 
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Language: ENGLISH Document Type: ARTICLE (Abstract Available) 

Title: COMPARISON OF ESTIMATES OF CARDIAC -OUT PUT BY INDICATOR DILUTION 

AND FREON 22 UPTAKE DURING GAS MIXING IN DOGS 
, 1991 

Abstract: Study objective - The aim was to measure cardiac output while 
rebreathing tidal volumes, by correction of soluble gas uptake for 
gaseous mixing. 

Design - Simultaneous measurements of cardiac output by 
indocyanin green and freon 22 uptake during rebreathing were made. 
Mixing for a hypothetical gas of identical gaseous diffusivity to freon 
22 was calculated by interpolation between concentrations of two 
insoluble gases, helium and sulphur hexafluoride . Mixing 
efficiency was estimated by the number of breaths for helium to 
become 99% equilibrated with lung gas (n99- He ) . 

Experimental material - Five anaesthetised dogs rebreathed at 
intervals with 300 ml of test. gas. 

Measurements and main results - 63 comparisons of cardiac output 
using indocyanin green and freon 22 uptake (over breaths 7-13 using 
the mean mixed volume of distribution), gave a mean (95% confidence 
interval) underestimation of 0.345 (0.093-0.597) litre. min-1 (14%). 
Exclusion of 12 points in which n99- He was greater than 15 resulted 
in a mean underestimation of 0 . 052 (-0 . 163-0 .. . 

...blood flow by a mean of 1.31 litre. min-1 ( overestimation = 2.7 over 

breaths 5-11) . Use of the equilibrium volume of distribution resulted 
in an overestimation of blood flow relative to green dye of 1.2 
litre. min-1 ( breaths 5-11) and 0.76 litre. min-1 ( breaths 7-13). 

Conclusions - Estimates of cardiac output by soluble gas uptake 
are optimal when correction is made for mixing... 

...of identical diffusivity. The mean mixed gas volume gives the best 
correlation with the reference method , implying a selective 
distribution of blood flow to the better ventilated areas. 

...Identifiers-- PULMONARY TISSUE VOLUME ; CAPILLARY BLOOD- FLOW; INERT - 
GASES ; LUNG 
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Pulmonary blood flow (cardiac output) and the effective lung volume 
determined from a short breath hold using the differential fick method 

...This work attempts to show how pulmonary blood flow (Qp) , cardiac 
output (COSUBFick) and the lung volume of effective gas exchange (ELV) 
can be determined from breath -by- breath measurements of the tidal 
exhaled C0SUB2 elimination V (litre/min) and the end tidal COSUB2 
concentration P (%) using the differential Fick method . The 
measurements are made during steady state ventilation and when the 
C0SUB2 balance in the lungs changes subsequent to a perturbation of the gas 
exchange conditions. Methods . A short breath hold is used to implement 
such a perturbation. V and P were measured in patients on mechanical 
ventilation . When the end tidal C0SUB2 values were stable, the end 
inspiratory pause of a single breath was prolonged 3 seconds as compared 
to the normal ventilation pattern. From the changes induced in P and V, 
Qp, COSUBFick and ELV are obtained. Results: Cardiac output values were 
measured in 18 patients after CABG. COSUBFick was found to be in good 
agreement with the... 

...Mean = -0.17 litre/minute and SD = 0.62 litre/minute). Conclusions. With 
a single breath perturbation, the differential Fick method can yield 
cardiopulmonary information using 2-3 breaths only and with a minimum of 
interference with the patient. Complete data analysis results in multiple 
determinations of the Qp and ELV values which improve the attainable 
precision. Our investigation points to the possibility to determine Qp, 
COSUBFick and ELV also during spontaneous breathing , by using the natural 
tidal variations of V and P. 

DEVICE BRAND NAME /MANUFACTURER NAME: Siemens Elema AB Servo Ventilator 
300/Siemens Elema; Siemens Sirecust 1280/Siemens/Germany ; Novametrix 
Capnograph/Novametrix 
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MEDICAL DESCRIPTORS: 

* lung blood flow; *heart output; * lung volume ; * breath holding 
...clinical article; controlled study; male; female; adult; aged; lung gas 
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pattern; thermodilution; data analysis; cardiopulmonary hemodynamics; 
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ventilator ; reference value; measurement ; monitoring; capnography; 
article; priority journal 
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Pulmonary diffusing capacity for carbon monoxide by rebreathing in 
mechanically ventilated patients 

Determination of pulmonary diffusing capacity is a routine method 
in pulmonary function laboratories for spontaneous breathing patients. 
However, it is not used in intensive care medicine for controlled 
ventilated patients with severe respiratory failure. We describe a 
rebreathing method for determination of pulmonary diffusing capacity 
for carbon monoxide (DCO) during mechanical ventilation based on an 
improved mathematical approach by Piiper and coworkers. The theoretical 
two-compartment model... 

...lung, it is advantageously qualified for measurements in intensive care 
patients. By adding an insoluble inert gas (for instance argon), 
functional residual capacity (FRC) can be determined at the same time. The 
method is well reproducible (+/- 3.8% for DCO and + /- 2.1% for FRC in 
duplicate determinations) . During mechanical ventilation , the borderline 
towards pathological values determined by this method proved to be about 
10 ml-minsup -sup 1-mmHgsup -sup 1. First experimental and... 

...results are presented which demonstrate DCO to be a qualified parameter 
for evaluating the pulmonary gas exchange function , indicating a 
progression of respiratory failure. 
MEDICAL DESCRIPTORS: 
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Measurement of functional residual capacity by sulfur hexafluoride 
washout 
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Measurement of functional residual capacity by sulfur hexafluoride 
washout 

Measurement of functional residual capacity (FRC) by the open-circuit 
multiple breath tracer gas washout technique is an established method 
. A system based upon washout of sulfur hexafluoride (SFinf 6) during 
mechanical ventilation is described. The central unit in the system is a 
sensitive and rapid-response infrared SFinf 6 analyzer. SFinf 6 is washed 
in until the alveolar concentration of SFinf 6 is 0.5%, a concentration 
so low that the supply of other gases is hardly influenced. During washout, 
the flow of SFinf 6 from the lungs is calculated by a computer every 10 
ms from signals representing expiratory flow and SFinf 6 concentrations . 
The total volume of SFinf 6, washed out, is calculated by integration of 
SFinf 6 flow. Since the alveolar concentration at the end of washin is 
known, the lung volume may be obtained. The measurement procedure 
is highly automated and the result is presented by the computer immediately 
after washout. Accurate... 

...reproducible results in model lung tests were obtained during air and 
Ninf 20/Oinf 2 ventilation . Comparison with body plethysmography 
(FRC(BOX)) in eight sitting healthy subjects gave the following: FRC(SFinf 
6) = 7 ml + 0.98 x FRC(BOX), r = 0.99. Comparison with nitrogen washout 
(FRC (Ninf 2) in five postoperative patients gave the following: FRC (SFinf 
6) = 59. . . 

...x FRC (Ninf 6), r = 0.97. FRC (SFinf 6) during Ninf 20/Oinf 2 ventilation 
was the same as during air/Oinf 2 ventilation in a group of paralyzed 
patients. The measurement system has not been tested in patients with 
obstructive lung disease. 
DRUG DESCRIPTORS: 
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An analyzer for in-line measurement of expiratory sulfur 
hexa fluoride concentration 

Jonmarker C; Castor R.; Drefeldt B.; Werner 0. 

Department of Anesthesiology, University Hospital, S-221 85 Lund Sweden 
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DOCUMENT TYPE: Journal 
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An analyzer for in-line measurement of expiratory sulfur 
hexa fluoride concentration 

An infrared analyzer for the inert tracer gas sulfur 
hexafluoride (SFinf 6) is described and evaluated . The analyzer consists 
of a transducer and a processor unit. It is designed to operate in a 
nonrebreathing system with a ventilator and a computer. The transducer, 
which is placed over a cuvette with windows in the ventilator tubings, 
reads the SFinf 6 concentration in the airway during the expiratory 
phase. At the end of the inspiratory phase, the... 
...response time and linearity of the analyzer were tested, and 
interference by other gases was assessed . Full response was reached 
within 20 ms after a sudden introduction of 0.5% SFinf... 

...cuvette. The analyzer-computer system had adequate linearity below 0.5% 
of SFinf 6. Oxygen, nitrogen , and humid air had no influence on the 
analyzer signal. One hundred per cent nitrous oxide , 4% enflurane, 4% 
isoflurance, and 4% halothane caused signals corresponding to 0.010, 0.023, 
0.022, and 0.043% SFinf 6, respectively. Due to the method of zero reset, 
the importance of interference from these gases is greatly reduced when 
inspired and expired concentration approach each other. The disturbance 
from COinf 2 (10% COinf 2 gave a signal corresponding... 

...of the analyzer may make it useful for studies of pulmonary gas mixing 
and for measurements of lung volume during mechanical ventilation . 
DRUG DESCRIPTORS: 
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A simple helium -dilution method for the determination of functional 
residual capacity in artificially ventilated patients 

EINE EINFACHE HELIUMVERDUNNUNGSMETHODE ZUR BESTIMMUNG DER FUNKTIONELLEN 
RESIDUALKAPAZITAT BEIM MASCHINELL BEATMETEN KRANKEN 

Rung I.; Kaemmerer H.; Klaschik E. 

Inst. Anaesthesiol . , Univ. Koln Germany 

Anaesthesist ( ANAESTHESIST ) (Germany) 1980, 29/3 (148-151) 
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DOCUMENT TYPE: Journal 

LANGUAGE: GERMAN SUMMARY LANGUAGE: ENGLISH 

A simple helium -dilution method for the determination of functional 
residual capacity in artificially ventilated patients 

A convenient modification of the classical closed circuit helium 
dilution technique was developed to determine functional residual 
capacity, especially in intubated and artificial ventilated patients. The 
determination of the still inflatable lung volume and its variability 
in the. course of pulmonary insufficiency or after a change in the 
adjustment of the respirator ( PEEP a.o.), was reproducible better than 
+/-10%. This method can be performed in a short time, without risk for 
the patient and with instruments... 
DRUG DESCRIPTORS: 
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Canada 



Closing capacity measurement during genral anesthesia 

A modification of the single breath nitrogen closing volume (CV) test 
allows measurement of closing capacity (CC) during general anesthesia . 
In the modification, inspiration and expiration are mechanically produced 
by a hydraulically powered cylinder. For 14 awake, normal subjects, results 
of the CV test performed using this mechanical method differed than those 
obtained following spontaneous inspiration and expiration. Mean (+/-SE) 
CC's were 2.25 (+/-0.15) and 2.42 1 (+/-0.14) (P <0.01) using spontaneous 
and mechanical methods , respectively. The slopes of Phase III of the CV 
traces were 2.24 (+/-0.27) and 2.66 per cent Ninf 2/1 (+/-0.32) (P<0.01), 
respectively. To eliminate differences due to measurement technique , 
the modified CV test was used both before and during anesthesia with 
halothane in 70 per cent Ninf 2 in 11 normal, supine, spontaneously 
breathing subjects. CC f s were 1.89 1 (+/-0.16) before and 1.81 1 (+/-0.15) 
during anesthesia (P>.5). Mean functional residual capacities (FRC) by 
the closed circuit helium method were 1.77 1 (+/-0.15) before and 1.45 
1 (+/-0.17) during anesthesia (P<.001). With CC unchanged and FRC 
decreased following induction, CC/FRC increased from 1... 

...0.08) to 1.37 (+/-0.11) (P<.005), suggesting increased small airway 
closure during anesthesia . 
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Single- breath C02 analysis as a predictor of lung volume in a 

healthy animal model during controlled ventilation . 
Stenz R I; Grenier B; Thompson J E; Arnold J H 

Department of Anesthesia, Children's Hospital, Harvard Medical School, 
Boston, MA 02115, USA. 

Critical care medicine (UNITED STATES) Aug 1998 , 26 (8) pl409-13, 
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Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 
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Single- breath C02 analysis as a predictor of lung volume in a 

healthy animal model during controlled ventilation . 
Aug 1998 , 

OBJECTIVE: To examine the utility of single- breath C02 analysis as a 
measure of lung volume . DESIGN: A prospective, animal cohort study 
comparing 21 parameters derived from single- breath C02 analysis with 
lung volume measurements determined by nitrogen washout in 

animals during controlled ventilation . SETTING: An animal laboratory in a 
university-affiliated medical center. SUBJECTS: Seven healthy lambs. 
INTERVENTIONS: The single- breath C02 analysis station consists of a 
mainstream capnometer, a variable orifice pneumotachometer , a signal 
processor and. . . 

... capability for both on- and off-line data analysis. Twenty-one derived 
components of the C02 expirogram were evaluated as predictors of lung 
volume . Lung volume was manipulated by 3 cm H20 incremental 

increases in positive end - expiratory pressure from 0 to 21 cm H20, 
and ranged between 147 and 942 mL. MEASUREMENTS AND MAIN RESULTS: 
Fifty-five measurements of lung volume were available for comparison 
with derived variables from the C02 expirogam. Stepwise linear regression 
identified four variables that were most predictive of lung volume : a) 
dynamic lung compliance; b) the slope of phase 3; c) the slope of phase 2 
divided by the mixed expired C02 tension; and d) airway deadspace. The 
multivariate equation was highly statistically significant and explained 
94% of the variance ( adjusted r2 =.94, p < .0001). The bias and precision 
of the calculated lung volume was .00 and 51, respectively. The mean 

percent difference for the lung volume estimate derived from the 
single- breath C02 analysis station was 0.79%. CONCLUSIONS: Our data 

indicate that analysis of the C02 expirogram can yield accurate 
information about lung volume . Specifically, four variables derived 

from a plot of expired C02 concentration vs. expired volume predict 
changes in lung volume in healthy lambs with an adjusted coefficient 
of determination of .94. Prospective application of this technology in 
the' setting of lung injury and rapidly changing physiology is essential in 

determining the clinical usefulness of the technique . 
Descriptors: *Carbo n Dioxide — analysis — AN; * Lung Volume 

Measurements — methods — MT; *Posit ive-Pressure Respiration ; *Total 

Lung Capacity ; Animals; Animals, Newborn; Biological Markers 
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[Simultaneous analysis of the distribution of ventilation and diffusive 
conductance to perfusion in the lungs] 

Yamaguchi K 

Nihon Kyobu Shikkan Gakkai zasshi (JAPAN) Dec 1989 , 27 (12) 
pl407-17, ISSN 0301-1542 Journal Code: 7505737 
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[Simultaneous analysis of the distribution of ventilation and diffusive 
conductance to perfusion in the lungs] 
Dec 1989 , 

Theoretical analysis and experimental observations were performed to 
establish an essential method allowing demonstration of the 
characteristics of distribution of ventilation (VA) as well as of 
diffusive conductance (G) to perfusion (Q) in the lungs. 02, C02 and CO 
binding to hemoglobin molecules within erythrocytes, together with six 
inert gases including SF6 , ethane, cyclopropane, halothane, diethyl 

ether and acetone, possessing various degrees of solubility in blood and. . . 
...a supine position, were given a mixture of 21% 02 and 0.1% CO in « N2 as 
the inspired gas and normal saline containing appropriate amounts of the 
six inert gases via the antecubital vein. After a steady state was 

established, the expired gas was collected... 

...by gas chromatography, with electrodes or with Scholander gas analyzer. 
Assuming that the mass transfer efficiency of a given indicator gas at 
each gas exchange unit would be limited by the ratio of VA to Q (VA/Q) 
and by. . . 

. . . axes, respectively. The numerical analysis including the procedure of a 
simultaneous Bohr integration for 02, C02 and CO in a pulmonary capillary 
and the method of weighted least-squares combined with the idea of 
constrained optimization permitted the data to... 
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A simple method for measuring functional residual capacity by N2 
washout in small animals and newborn infants. 

Gerhardt T; Hehre D; Bancalari E; Watson H 
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A simple method for measuring functional residual capacity by N2 
washout in small animals and newborn infants. 
Nov 1985 , 

An open circuit N2 washout technique is described for the 
determination of functional residual capacity in infants. Either 100% 02 
or any oxygen/ helium mixture can be used as the washing gas. The subject 
breathes the washing gas through a T-tube and the washed out nitrogen 
is mixed with this gas in a mixing chamber, placed into the exhalation part 
of the circuit. The N2 concentration of the mixed gas is analyzed 

continuously, and the concentration signal is electronically integrated 
over time. Calibration of the system is accomplished by injecting known 
amounts of nitrogen or room air into the circuit. The gas flow through 
the system must remain constant and is adjusted to approximate peak 
inspiratory flow of the infant. In vitro testing of the system showed... 

... 1.0%) and that the integrated signal output has a close linear 
correlation with the amount of . N2 washed out (r = 0.99). In vivo 
measurements in 10 cats confirmed the accuracy and reproducibility of the 
method when compared with N2 collection. The technical advantages of 
the system are simplicity of components, absence of valves, easy 
calibration, low dead space, and no need to collect or measure expired 
gases. For the infant this means no added resistance during washout and no 
risk. . . 

... as needed. There is no lower limit of weight or size for functional 
residual capacity measurements in small infants or animals. 
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Gas mixing in dog lungs studied by single- breath washout of He and 

SF6 . 
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Gas mixing . in dog lungs studied by single- breath washout of He and 
SF6 . 
Dec 1983 , 

Simultaneously measured helium ( He ) and sulfur hexafluoride ( 
SF6 ) single- breath washout was studied in 16 anesthetized paralyzed 
dogs ventilated with a special hydraulically operated ventilatory servo 
system. After equilibration of lung gas with 1% He and 1% SF6 , the 
maneuver consisting of inspiration of a test gas-free mixture at constant 
rate (VI), a variable time of breath holding, and an expiration at 
constant rate (VE) , was performed. Fractional concentrations of He and 
SF6 , recorded against expired volume, were analyzed in terms of slope of 
the alveolar plateau (S... 

...1/s, VE = 0.1 1/s) S was about 10% of alveolar-to-inspired 
concentration difference per liter expirate both for He and SF6 . Both 
SHe and SSF6 were inversely related to VI and VE, the relative changes 
being. . . 

... than unity depending on VI and VE. Both SHe and SSF6 decreased with 
increasing preinspiratory lung volume . Breath holding up to 10 s 

slightly decreased SHe and SSF6 while SHe/SSF6 was unchanged. The 
contribution of continuing gas exchange to S assessed from comparative 
measurements using the reversed (single breath washin) technique ranged 
from 6 to 23% in the various conditions. The VDHe/VDSF6 ratio... 

... in the dog lung and the mechanism accounting for S are little diffusion 
dependent. By exclusion sequential filling and emptying of lung units is 
believed to constitute the most important mechanism. . . 
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Pulmonary blood flow determined by continuous analysis of pulmonary N20 
exchange . 

May 1975 , , 
Measurement of mean pulmonary blood flow (Qp) as a function of 

pulmonary inert - gas ( N20 ) uptake was studied with the aid of a (joLU^-t 

mathematical model, fast response measurement of gas... 

... the mouth, and digital computer analysis of the data. The model treats 

the total pulmonary inert gas uptake as the sum of dead space, 

alveolar, lung tissue, and pulmonary blood flow uptakes. Analysis of any 

two breaths during breathing of a gas mixture (39 percent N20 , 21 

percent 02, 4 0 percent N2 or He ) in terms of the soluble ( N20 ) and '5 

the insoluble ( N2 or He ) inert gas yields two simultaneous 

equations with two unknowns which can be solved for Qp. No assumptions are /X/C/ ^f^T/TL 

required about the magnitude of the alveloar, dead space, or l ung tissue 

vo lumes and constant FRC__ is not a requirement. The validity of the 
mathematical model and its sensitivity to known measurement errors was 
studied by computer simulation of respiratory gas exchange for N20 and 

N2 . Comparison of Qp ( N20 ) with the direct Fick method (02) in five 

anesthetized dogs showed agreement within plus or minus 20 percent. The 
proposed method has promise as a clinical method for determination of 
cardiac output on a breath -to- breath basis during regular breathing 

at rest or during exercise. 
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Improvement of Gas Exchange , Pulmonary Function , and Lung Injury With 
Partial Liquid Ventilation (*) . 

TEXT: 

A Study Model in a Setting of Severe Respiratory Failure 

Study objective: To evaluate gas exchange , pulmonary function 
, and lung histology during gas ventilation of the 
perf luorocarbon-f illed lung compared with gas ventilation of the 
gas-filled lung in severe respiratory failure. 

Study design: Application of gas (GV) or partial liquid (PLV) 
ventilation in lung-injured sheep. 

Setting: A research laboratory at a university medical center. 

Subjects: Eleven... 

...life support (ECLS) was instituted. For the first 30 min on ECLS, all 
animals were ventilated with gas. Over the ensuing 2.5 h, ventilation 
with 15 mL/kg gas was continued without intervention in the control group 

(GV, n=6)or with the addition of 35 mL/kg of perflubron (PLV, n=5) . 

Measurements and results: At 3 h after initiation of ECLS, Qps/Qt 
was significantly reduced in... 

. . .performed on lung biopsy specimens demonstrated a marked reduction in 
lung injury in the liquid ventilated (LV) when compared with the GV 
animals . 

Conclusion: In a model of severe respiratory failure, PLV improves 
pulmonary gas exchange and pulmonary function and is associated with 
a reduction in pulmonary pathology. (CHEST 1995; 108:500-08) 

ARDS=acute respiratory distress syndrome; CA (0 . sub . 2 ) = (0 . sub . 2 ) 
content of arterial blood; Ci (0. sub. 2) = (0. sub. 2 ) content of the blood 
draining from the ideal alveolus as derived from the alveolar gas equation 
and the dissociation curve; Cv (0 . sub . 2 ) = (0. sub . 2 ) content of mixed venous 
blood; ECLS ^extracorporeal life support; ECLS-GE=extracorporeal life 
support with membrane lung gas exchange; (FIO. sub . 2 ) =f raction of inspired 
oxygen; GV=gas ventilation ; LV=liquid ventilation 
P (A-a) (0. sub. 2) =alveolar-arterial (O.sub.2) pressure difference; 
PA(0.sub.2)= alveolar partial pressure of oxygen; PEEP = positive end - 
expiratory pressure ;. PLV=partial liquid ventilation ; Qps/ 
Qt=physiologic shunt; TLV=total liquid ventilation 

Key words: liquid ventilation ; mechanical ventilation ; 
perf luorocarbons ; respiratory failure; f lourocarbons 

The first report indicating the ability of perf luorocarbon liquid 
breathing to sustain life was provided by Clark and Gollan in 1966. (1) 
Since that time, numerous studies have provided data suggesting that liquid 
ventilation with perf luorocarbons might improve gas exchange and 



pulmonary function in respiratory failure. (2) Most of this research on 
liquid ventilation has been performed using one of two techniques : (1) 
"total" liquid ventilation (TLV) in which the perf luorocarbon-f illed 
lung is ventilated with tidal volumes of perf luorocarbon utilizing a 
"liquid ventilator "; and (2) "partial" liquid ventilation (PLV) in 
which gas ventilation of the perf luorocarbon-f illed lung is performed 
utilizing a standard gas mechanical ventilator .(2,3) The advantage of the 
latter lies in its simplicity because the use of a specialized device is 
not required in order to perform this novel method of ventilation . 

The majority of the investigative work performed on the subject of 
liquid ventilation has involved. the use of TLV in premature animals with 
surfactant deficiency and respiratory distress syndrome. (4-6) Such 
studies have revealed a marked improvement in respiratory status in 
animals of very low gestational age. (4) Other studies have been performed 
evaluating the efficacy of TLV in older animal models of acute 
respiratory distress syndrome (ARDS).(7,8) We recently reported our 
experience with TLV in an animal model with oleic acid-induced severe lung 
injury. (9) However, few studies have assessed the efficacy of PLV in an 
older animal model of respiratory failure. (10-12) The purpose of this 
study, therefore, is to evaluate the ability of PLV to improve gas 
exchange and pulmonary function in severe respiratory failure in a 
nonneonatal large animal model . 
METHODS 

Eleven sheep, 17.1 (+ or -) 1 . 8 kg in weight, were anesthetized 
with a mixture containing 50 g/L of guaifenesin (Sigma Chemical; St. Louis) 
and 1 . . . 

...L of ketamine (Aveco; Fort Dodge, Iowa); 2.2 mL/kg was administered for 
initial anesthesia with titration to effect. A midline neck incision was 
performed, and the trachea was isolated and cannulated with a 9-mm inner 
diameter jet ventilation endotracheal tube (Mallinckrodt ; St. Louis). The 
right carotid artery as well as both internal jugular veins were 
identified. An 18- gauge angiocatheter (Becton Dickinson Vascular Access; 
Sandy, Utah) was placed into the carotid artery and advanced. . . 

...into the pulmonary artery via the right femoral vein. All pulmonary and 
arterial blood pressure measurements were assessed utilizing Sorenson 
Transpac II pressure transducers (Abbott Laboratories; North Chicago, 111) 
and Hewlett-Packard signal... 

...Medical Division; Andover, Mass). Pancuronium, 0.1 mg/kg, was 
administered intravenously, and gas mechanical ventilation was initiated. 
An anesthetic infusion 'of the guaif enesin-ketamine mixture was started at 
a rate of 2.2 mL. . .was placed to reduce abdominal distension. Animals 
remained in the supine position throughout al ( l studies. Assessment was 
performed of baseline physiologic data, such as systemic arterial and 
pulmonary arterial pressures, ventilator settings and airway pressures, 
pulmonary compliance, temperature, and arterial and venous blood gases. 
Technique of Extracorporeal Life Support 
Heparin, 100 units/kg, was administered intravenously. A 23F venous 
drainage ... 

...was re-circulated, warmed, and oxygenated. Calcium and bicarbonate 
levels of the blood prime were assessed and adjusted to maintain the 
ionized calcium at 1.0 or more and. the calculated base excess at -4.0 
mEq/L or more. Venovenous bypass was initiated at a . . . 

...through the extracorporeal device, but no contribution to gas exchange 
took place. Physiologic data, including systemic and pulmonary pressure, 



pulmonary compliance, ventilator pressure, and blood gas data, were 
assessed after extracorporeal blood flow rate had been increased to 100 
mL/kg/ min. Extracorporeal life support (ECLS) blood flow was measured 
using a Transonics flow meter (Transonic Systems ; Ithaca, NY) , and a 
0.25-inch tubing flow probe was placed on the infusion... 

...injury, the fraction of inspired oxygen ( (FIO. sub. 2) ) was increased to 
1.0, and ventilator pressures were adjusted to maintain the Pa ( CO . 
sub . 2 ) between 35 and 4 5 mm Hg. Maximum ventilator settings included a 
peak inspiratory pressure of 50 cm (H. sub. 2)0, positive end - expiratory 

pressure ( PEEP ) of 4 cm (H. sub. 2)0, and a respiratory rate of 30 
breaths per minute. Ventilator pressures were assessed utilizing a 
Sechrist Model 400 airway pressure monitor (Sechrist Industries; Anaheim, 
Cal) attached to the carinal pressure port of the endotracheal tube. 
Physiologic data were assessed every 15 min. The presence of arterial 
hypoxemia (Pa(0.sub.2) (is less than... 

. ..P(A-a) (0.sub.2)) of 610 mm Hg, or more, which are clinical indicators 
of severe respiratory failure and predictive of high mortality, were 
utilized to indicate need for ECLS. Therefore, a... 

...taking place. Once on ECLS with membrane lung gas exchange (ECLS-GE) , 
physiologic data were assessed every 30 min. The venovenous 
extracorporeal blood flow rate in all groups was adjusted to maintain the 
arterial blood gas values with a Pa (0. sub. 2) of 50 to 80 mm Hg and the 
membrane lung ventilating gas flow rate was adjusted to maintain the 
Pa( CO . sub . 2 ). at 35 to 45 mm Hg. 

The ECLS blood flow rate was maintained at 10... 

...avoid circuit thrombosis. For the first 30 min. on ECLS-GE, all animals 
remained gas ventilated . After 30 min of ECLS-GE, animals were randomized 
to management with gas ventilation (GV (n=6) ) or PLV (n=5) . Heparin,- 100 
units/kg, and pancuronium, 0.1... 

...5 animals in each group. The GV and PLV animals were continued on gas 
mechanical ventilation which was increased to the "maximum" ventilator 
settings as described previously. The GV or PLV was continued with 
assessment of physiologic data every 15 min or until death of the animal. 
Those animals surviving for the predetermined 1-h period were euthanized 
with 0.2 mL/kg pentobarbital. 

Ventilation During ECLS-GE: 
During ECLS-GE, a Bennett MA-1 ventilator was utilized to provide 
GV at a tidal volume of 15 mL/kg, a PEEP of 4 cm (H. sub. 2)0, and a rate 
of 10 breaths per min... 

...both the GV and PLV animals. The (FIO. sub. 2) was maintained at 1.0. 
Ventilator tidal volume settings were calibrated by spirometer to a 
demonstrated accuracy of (+ or -) 6%. End-expiratory pressures and 
ventilator rates were monitored by the Sechrist airway pressure monitor 
with an accuracy of pressure measurement of (+ or -) 3 cm (H. sub. 2)0. 
Partial Liquid Ventilation 

Partial liquid ventilation was initiated by filling of the lungs 
with perflubron (perf luoro-octylbromide (LiquiVent (TM) ) , Alliance 
Pharmaceutical; San Diego), 30 mL/kg. Gas ventilation of the 
perf lubron-f illed lungs was then performed using the same settings as ... 
the endotracheal tube. 

Pulmonary Function 

Static total lung inflation and deflation compliance during GV was 
assessed by sequential endotracheal tube injections and then removal of 
4 mL/kg of air with 5-s intervals between injections to a maximum. . . 
...10-mL calibrations was attached to the endotracheal tube and utilized to 



instill and then remove the 4 mL/kg volumes of room air. Air trapping was 
tolerated to within 10% of the volume of gas injected or the compliance 
measurement was repeated. Static airway pressure measurements were 
assessed by a Cobe CDX III transducer (Cobe; Lakewood, Colo) attached 
directly to the carinal port... 

...each experiment to a pressure of 30 cm (H. sub. 2)0. Static airway 
pressure measurement accuracy and reproducibility were assessed over a 
range from 10 to 40 em (H. sub. 2)0. Mean airway pressure measurement 
reproducibility was 2.5% with a range of 2.0 to 11.2%, and mean 
measurement accuracy was 0.6 cm (H. sub. 2)0 with a range of 0.3... 

. . .heparin-coated syringes, and (P0.sub.2), (PCO.sub.2), pt, oxygen 
saturation, hemoglobin, and calculated base deficit were immediately 
assessed by an ABL blood gas analyzer (Radiometer; Copenhagen, Denmark) 
and an OSM-3 cooximeter calibrated for sheep blood (Radiometer; Copenhagen, 
Denmark) . 

Lung Biopsy Assessment 

All lungs were inflated to 10 cm (H. sub. 2)0 constant pressure, and 

the... 

...specimens with hematoxylin and eosin staining and light microscopic 
analysis was performed. This allowed an estimate of the degree of 
intraalveolar hemorrhage, intraalveolar edema, and infiltration of 
inflammatory cells present. 
Data Analysis 

Baseline physiologic shunt (Qps/Qt) and P (A-a) (0 . sub . 2 ) were 
calculated based on assessment of arterial (0.sub.2) content , mixed 
venous (pulmonary artery catheter) (0.sub.2) content , alveolar 
end-capillary (0.sub.2) content , and Pa ( CO . sub . 2 ) utilizing the 
following equation: 

Qps/Qt= (Ci(0.sub.2)-Ca(0.s.ub.2) )/(Ci. . . 

...is physiologic shunt, Qt is cardiac output, Ca(0.sub.2) is (0.sub.2) 
content of arterial blood, Cv(0.sub.2) is (0.sub.2) content of mixed 
venous blood, and Ci(0.sub.2) is (0.sub.2) content of the blood draining 
from the ideal alveolus ventilated with gas ( ( FIO . sub . 2 ) = 1.0) as derived 
from the alveolar gas equation and. . . 

...2) is alveolar partial pressure of oxygen and ((barometric 
pressurex (FIO. sub. 2) )-47)-Pa( CO . sub . 2 ). Venovenous bypass allowed 
measurement of Qps/Qt despite the influence of extracorporeal support upon 
gas exchange. 

All physiologic data throughout this study were evaluated by 
repeated measures analysis of variance within each group over time and by 
a post hoc unpaired Student... 

...most animals within minutes of discontinuation of ECLS . 

Table l--Physiologic Data Observed in Gas- Ventilated and Partial 
Liquid Ventilated Animals at Baseline, After Induction of Lung Injury, at 
30-Min Intervals While on ECLS... 
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...and PLV animals are compared). After 30 min of ECLS, both animal groups 
remained gas ventilated . Within 60 min after initiation of PLV, 
significant and sustained reductions in physiologic shunt were... 

...group (p (is less than) 0.001). 

(Figure 2 ILLUSTRATION OMITTED) 

The pulmonary compliance as measured at 20 mL/kg inflation volume 
is demonstrated over time in Figure 3. Baseline compliance... 

...0.05 by (chi square) analysis). 

As is seen in Figure 4, the light microscopic assessment of GV 
biopsy specimens revealed substantial pulmonary vascular congestion, 
alveolar hemorrhage, alveolar proteinaceous fluid accumulation... 

... . OMITTED) 

DISCUSSION 

There are at least 150,000 new cases of ARDS resulting in an 
estimated 40,000 deaths ...each year. (14) Despite multiple advances in 
intensive care management and the application of innovative ventilation 
techniques and therapeutic interventions, including PEEP ; ECLS, 
differential lung ventilation , inverse ratio ventilation , and 
surfactant administration, the mortality in severe respiratory failure in 
the nonneonatal population remains approximately 50%. (14-20) There is still 
a need, therefore, for effective ventilatory and pulmonary management in 
severe ARDS. 

That liquid breathing could be a reality was first realized in 1962 
when Kylstra et al(21) demonstrated... 

...Gollan(l) subsequently revealed the unique ability of perf luorocarbons 
to sustain life in the spontaneously breathing mouse. Over the following 
three decades, numerous publications evaluated the ability of a variety 
of perf luorocarbons to provide gas exchange during liquid breathing . (22) 
A device intended to provide demand-controlled ventilation in normal 
canines was developed by Shaffer, and Moskowit z ( 23 ) in 1974. The 
ventilator settings which produced optimal alveolar ventilation and 
carbon dioxide elimination during TLV were subsequently established, 
and the effects of TLV upon gas exchange, pulmonary vascular resistance, . 
and cardiac output were def ined . ( 7 , 24 -29 ) Other investigators evaluated 
the uptake, distribution, and elimination of perf luorocarbons as the 
safety of liquid ventilation with perf luorocarbons was 

demonstrated. (30-38) Additional studies documented the efficacy of TLV 
with perf luorocarbons in improving gas exchange and pulmonary function 

in premature, surfactant-deficient animals .( 4-6, 4 9, 4 0 ) In 1989, the first 
human trials of ventilation with perf luorocarbons documented the ability 
of TLV to support gas exchange in moribund premature human neonates. (41,42) 
However, studies assessing the efficacy of TLV in nonneonatal animal 
models have been limited. Studies by Calderwood et . . . 



.with perf luorocarbons in an adult feline ARDS model. Our group recently 



demonstrated an improvement in gas exchange and pulmonary function 
during TLV in a young sheep ARDS model. (9,43) 

In 1991, Fuhrman et al{3) published a report demonstrating the 
ability to provide adequate gas exchange during PLV. Subsequent 
investigation revealed that gas exchange and pulmonary function were 
improved during PLV in premature newborn surfactant-deficient and full-term 
neonatal gastric acid aspiration models .( 6, 44 ) However, few studies have 
evaluated the ability of PLV to improve gas exchange and pulmonary 
function in nonneonatal models of ARDS. Tutuncu et al(10,ll) demonstrated 
an increase in systemic arterial oxygenation with PLV in a pulmonary 
saline-lavage adult rabbit model of ARDS. Curtis et al(12) documented the 
ability to enhance systemic oxygenation during PLV while maintaining 
hemodynamic stability in a lung-injured canine model. The current study 
also evaluates the efficacy of PLV in a non-newborn animal model of 
severe lung injury. Findings... 

...an associated decrease in ECLS blood flow requirements during PLV in the 
setting of severe respiratory failure. We observed similar findings in 
our previous evaluation of TLV in the same lung injury model. (9) The 
mechanisms behind these observed improvements in gas exchange have not been 
delineated. We have demonstrated previously that ventilation with 
perf luorocarbon liquid enhances alveolar recruitment in the 
surfactant-deficient, atelectatic lung. (45) In addition, perf luorocarbons 
may displace intra-alveolar exudate, thereby enhancing gas exchange and 
ventilation -perfusion matching. A number of studies have now documented 
the heterogeneous nature of lung injury and function in respiratory 
failure. (46, 47) Specifically, it is the dependent regions of the lungs 
which appear to be most affected in lung injury and which are predominantly 
consolidated and poorly ventilated . The nondependent regions, in 
contrast, remain relatively well aerated with less evidence of compromise 
in lung function. One of the specific advantages of liquid ventilation 
with perf luorocarbons may be that the relatively high-density 
perf luorocarbons (specific gravity, approximately 1.9... 

...27) This redistribution of pulmonary blood flow may, in turn, lead to an 
improvement in ventilation -perfusion matching. Finally, the role that the 
perf luorocarbon-associated amelioration of lung injury, which was... 

.. .recoil. (48) Neergard, (49) in 1929, demonstrated that pulmonary 
compliance was markedly improved during liquid ventilation of the 
liquid-filled lung when compared with gas ventilation of the gas-filled 
lung. We also observed an increase in pulmonary compliance during PLV (gas 
ventilation of the liquid-filled lung) when compared with GV in this lung 
injury model. Further clinical studies will be required to determine 
whether the use of PLV in patients with ARDS will be associated with an 
increase in compliance such that airway pressures and ventilator -induced 
lung injury may be reduced. (50) 

Histopathologic evaluation of lung biopsy specimens in the GV group 
revealed findings that were consistent with ARDS... 

...congestion, and parenchymal and intra-alveolar edema. In contrast, these 
findings were markedly diminished upon evaluation of the lung biopsy 
specimens from the PLV group. These are conclusions based on observations 

...properties and that leukocyte function may be diminished following 
exposure to perf luorocarbons .( 51, 52) Acute respiratory insufficiency and 
the subsequent development of pulmonary fibrosis are largely secondary to 
the intraalveolar and. . . 

...lung injury could prove to be a crucial factor in the management of 



patients with respiratory failure. 

In this study, a combination of two accepted models of respiratory 
failure were utilized to produce a severe lung injury . (54 , 55) Pulmonary 
saline lavage provides... 

...15,20) The ECLS was used in this model to maintain viability and 
stability during evaluation of GV versus PLV. In addition, ECLS allowed 
demonstration of the potential benefits of PLV to those adult and pediatric 
patients with respiratory failure who currently have an expected 
mortality of approximately 50% despite intervention with ECLS. (56... 

. . .performance of PLV in this study. However, this was an acute animal 
model, and therefore, evaluation of long-term safety of PLV was not 
possible. Previous studies have evaluated the short- and long-term 
systemic distribution and effect of various perf luorocarbons following 
liquid ventilation . (30-32) Although small in quantity, blood levels of 
perf luorocarbon are noted to increase steadily over the first half hour 
after onset of liquid ventilation and then to fall rapidly over the 
ensuing days with minute quantities, approximately 0.02 mg/100 mL of blood, 
remaining approximately 10 days after liquid ventilation . Trace amounts 
of perf luorocarbon (0.1 mg/g of tissue) have been noted in the lungs of 
animals up to 2 years after liquid ventilation with even smaller amounts 

present in other tissues over the same time period .( 30, 32 ) Light 
microscopic analysis of . . . 

...a moderate polymorphonuclear leukocyte infiltration which was observed 
in both GV as well as liquid ventilated neonates. Other studies 
specifically assessing the safety of long-term performance of PLV with 
perflubron have failed to reveal any. . . 

...is worthwhile to note that serum perflubron levels are extremely low 
during and following liquid ventilation which reduces the potential for 
systemic effects. 

Whether gas exchange and pulmonary function will improve during 
PLV in patients with severe respiratory failure can only be determined 
in the clinical setting. Studies which will evaluate the efficacy of PLV 
in newborn, pediatric, and adult patients with respiratory insufficiency 
are under way. In the meantime, this study serves to document the 
effectiveness of lung management with PLV in reducing alveolar pathology 
and inflammatory infiltration while simultaneously improving gas 
exchange and pulmonary function in a model of acute, severe respiratory 
failure . 
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Correction of single-breath helium lung volumes in patients with 
airflow obstruction. 

TEXT: 

Study objective: To determine whether alveolar volume ((V.sub.A)) 
measured during the single-breath diffusing capacity for carbon monoxide 
(Deo) can be used as a substitute measure for the multiple-breath total 
lung capacity (TLC) in subjects with and without airways obstruction. 
JHH) and the Johns Hopkins Asthma and Allergy Center ( JHAAC) . 

Participants: Patients referred for spirometry, helium lung 
volumes , and Deo during a single visit between November 1993 and November 
1996. 

Results: JHAAC patients (n=2,477) were used to assess the 
relationship between (V.sub.A) and TLC. In patients with an (FEV. sub. 1 . . . 

...patients with an ( FEV. sub . 1 ) /FVC (is less than) 0.70, (V.sub.A) 
systematically underestimated TLC ( (V. sub. A) /TLC=0 . 67 to 0.94). The degree 
of underestimation. . . 

...correlation coefficient (r)=0.96 to 0.99; p (is less than) 0.05). After 
adjusting for the severity of airflow obstruction, patients with an 
(FEV. sub. 1) /FVC in the... 

. . .A) for the severity of obstruction improves the accuracy of this 
relatively simple and rapid technique for measuring TLC. 
(CHEST 1998; 114:907-918) 

Key words: airflow obstruction; lung volumes ; multiple-breath 
helium dilution; single-breath helium dilution 

Abbreviations: c (V . sub . A) =alveolar volume corrected for the severity 
of airflow obstruction. . . 

. . . PFT=pulmonary function test; r= Pearson's correlation coefficient; 
RV=residual volume; SVC=slow vital capacity ; TLC=total lung capacity ; 
(V. sub. A) =alveolar volume 

Multiple-breath helium dilution and single-breath helium dilution 
are widely used pulmonary function tests (PFTs) for the measurement of 
static lung volumes . In many pulmonary function laboratories, total 
lung capacity (TLC) is routinely measured with the multiple-breath 
closed-circuit helium dilution technique . Single-breath helium 
dilution, by contrast, is usually included with the measurement of 
pulmonary diffusing capacity for carbon monoxide (Deo) and provides an 
estimate of TLC, commonly referred to as alveolar volume ((V.sub.A)). 

Several investigators have previously. . . 

...airflow obstruction remains undetermined. Furthermore, the clinical 



utility of (V.sub.A) as a substitute measure of the multiple-breath TLC 
is not well defined. The present study was therefore designed to: (1) 
determine the effect of airflow obstruction on the accuracy of 
single-breath technique to predict the multiple-breath TLC, and (2) 
establish whether (V.sub.A) can be used as an estimate for 
multiple-breath TLC in normal and diseased patients. Since single-breath 
helium dilution is a relatively rapid and simple technique , it could 
potentially be used as a substitute measure for the multiple-breath 
method to simplify field studies and reduce the cost of clinical testing. 
MATERIALS AND METHODS 

We conducted a retrospective review of PFT results for all patients 
referred to the pulmonary. . . 

...all inpatients and outpatients were reviewed to identify those patients 
who had spirometry, closed-circuit helium lung volumes , and Deo 
measured during a single visit. To eliminate inclusion of multiple 
measurements on any one patient, only the first PFT recorded for each 
patient was selected for the study. 

Standard techniques for pulmonary function testing, in general 
accordance with the American Thoracic Society guidelines, (6) are... 

. . .was expressed as BTPS and was not corrected for anatomic deadspace, but 
was corrected for ( CO . sub . 2 ) absorption. Spirometry was performed to 
obtain the (FEV.sub.l) and the FVC. Multiple-breath closed-circuit helium 
dilution was used to measure functional residual capacity (FRC) . At the 
end of each multiple-breath procedure , slow vital capacity (SVC) and 
expiratory reserve volume were measured in triplicate. Residual volume 

(RV) was then calculated by subtracting the average expiratory reserve 
volume from the measured FRC. TLC was determined by adding the largest 
SVC to the calculated BV. (V.sub.A) and Deo were measured using the 
single-breath carbon monoxide method . (7) 

Patients from both laboratories were categorized based on the type of 

ventilatory impairment. The following classifications and criteria were 
used: restrictive (TLC (is less than or equal... 

...80% of predicted and (FEV. sub . 1 ) /FVC (is less than) 0.80); or no 
ventilatory impairment (TLC (is ...TLC ratio was used as an index of 
discrepancy between the single- and multiple-breath technique . Severity 
of airflow obstruction was assessed using the ( FEV . sub . 1 ) /FVC ratio. 
Before developing a statistical model to describe the... 

...analysis. The residuals around the fitted model were examined and the 
upper and lower fifth- percentile limits of the residual values were 
determined . (8) 

The predictive validity of the proposed model was examined using the 
PFT records from patients in the JHH sample. For each patient, the model 
was used to adjust the measured (V.sub.A) for the severity of airflow 
obstruction. This adjustment involved two steps: first, each patient ! s 
(FEV. sub . 1 ) /FVC ratio was used in the model to predict an expected 
(V. sub. A) /TLC ratio; second, the measured (V.sub.A) was then divided by 
the expected (V . sub . A) /TLC ratio to estimate the multiple-breath TLC. To 
assess the accuracy of the predictions, we calculated Pearson's 
correlation coef f icients ( 8 ) (r) between the predicted and the measured 
values of the multiple-breath TLC. Two estimates for single-breath RV 
were obtained by subtracting the SVC and the FVC, respectively, from the 
predicted multiple-breath TLC. These single-breath RV estimates were 
compared to. the multiple-breath RV. All descriptive statistics are 
presented as means ( + or... 



...the time period of the study, a combined total of 6,063 patients had 
spirometry, helium lung volumes and Deo measured during a single 
visit to one of the two pulmonary function laboratories. Of the 3... 21 

While specific clinical diagnoses for the study population were not 
known, the type of ventilatory impairment for each patient was 
determined . In the JHAAC sample, 242 patients (9.8%) had a restrictive 
impairment, 1,572 had... 

...63.5%), 274 (11.1%) had a mixed impairment, and 389 (15.7%) had no 
ventilatory impairment. The corresponding percentages for the JHH sample 
were 502 (17.4%), 1,168 (40.4%), 488 (16.9%), and 734 (25.4%), 
respectively. 

Comparison of Single-Breath and Multiple-Breath Helium Dilution 
Patients at or above an ( FEV . sub . 1 ) /FVC threshold of 0.70 had... 

...TLC ratio close to unity (Table 2). Below this threshold, single-breath 
(V.sub.A) systematically underestimated the multiple-breath TLC. As the 
severity of airflow obstruction increased, the discrepancy between the 
single- and multiple-breath lung volumes increased progressively (Fig 
1) . Subgroup analyses of patients with a purely obstructive defect showed a 



...relationship, the ( FEV . sub . 1 ) /FVC threshold for agreement between the 
single- and multiple-breath methods was slightly lower ( ( FEV . sub . 1 ) /FVC 
(is greater than or equal to) 0.60... 

...with a purely restrictive defect, there was a good level of agreement 
between the two techniques independent of the severity of restriction 
(JHAAC: (V.sub.A) /TLC=1. 01 ( + or -) 0.08; JHH: ( V . sub . A) /TLC= 1.04 (+ or -) 
0.11). Similarly, patients with no ventilator defects had a mean 
(V.sub.A) /TLC ratio of 0.98 (+ or -) 0.09... 

...JHAAC sample and 1.00 (+ or -) 0.07 in the JHH sample. Substituting the 
largest measured SVC in place of FVC and defining airflow obstruction 
based on the ( FEV. sub. 1 . . . 

...with stepwise addition of (FEV. sub. 1) and FVC showed a minimal increase 
in the amount of variability explained by the added predictors. Thus, the 
most parsimonious regression equation was developed. . . 

...the residuals around the fit were normally distributed and had a 
constant variance. Moreover, no systematic association between the 
residuals and ( FEV . sub . 1 ) /FVC or the ...70. This figure also displays the 
linear regression line with the upper and lower fifth- percentile limits 
of the residuals. Since there was reasonably good agreement between 
(V. sub. A) and. . . 

...is greater than or equal to) 0.70, (V.sub.A) was used as an estimate 
for TLC in these patients. However, in patients with an ( FEV . sub . 1 ) /FVC 
ratio of (is less than) 0.70, an adjustment was performed for the 
severity of airflow obstruction. Using (V.sub.A) and the above... 

...than) 0.70 

where c (V. sub. A) is the "corrected" (V.sub.A) after adjustment for 
the severity of airflow obstruction. 

(Figure 2 ILLUSTRATION OMITTED) 
Validation of the Model 

The JHH sample was used to assess the validity of the above model 
in predicting the multiple-breath TLC. The c (V.sub.A) was determined for 
each patient in this sample without any exclusions based on the quality 



of the patient's PFTs . Among patients with an (FEV.sub... 

...0.40 there was a high degree of correlation between (cV.sub.A) and the 
measured multiple-breath TLC (r=0.83 to 0.96; Fig 3). However, in severely 
obstructed. . . 

...increased with worsening obstruction (Fig 3), c(V.sub.A) was, on 
average, a better estimate of the multiple-breath TLC than was (V.sub.A). 

(Figure 3 ILLUSTRATION OMITTED) 

We. . . 

...1)/FVC (r=-0.39; p (is less than) 0.0001). Consequently, single-breath 
RV determined by subtracting SVC from (cV.sub.A) better estimated the 
multiple-breath RV than did single-breath RV determined by subtracting 
FVC from (cV.sub.A) (Fig 4). 

(Figure 4 ILLUSTRATION OMITTED) 

DISCUSSION 

The results of the current study demonstrate that single-breath 
helium dilution can accurately predict the multiple-breath TLC in normal 
subjects and in patients with... 

...or equal to) 0.70). In patients with moderate to severe obstruction, 
however, single-breath helium dilution systematically underestimates 
the multiple-breath TLC. The magnitude of underestimation in these patients 
is directly related to the severity of underlying obstruction. Substantial 
improvement in the accuracy of the single-breath estimate of TLC is 
achieved if (V.sub.A) is adjusted for the degree of airflow obstruction. 

Several studies have previously demonstrated that in the absence of 
airways obstruction, lung volume measurements by single- and 
multiple-breath helium dilution are essentially similar. (1-4) In the 
Epidemiology Standardization Project, Ferris (3) reported good... 

...obstruction ( ( FEV. sub . 1 ) /FVC (is less than) 0.70). This difference in 
TLC, as measured by these two techniques , progressively increased with 
the severity of airflow obstruction. Similarly, .Van Ganse and coworkers (2) 
showed that single- and multiple-breath helium dilution produce 
comparable results in normal subjects but not in patients with airways 
obstruction. Their study also revealed that the difference in TLC by the 
two techniques was negatively correlated with the degree of airways 
obstruction. Moreover, they noted that as the breath-hold time during the 
single-breath technique was increased, the difference between the single- 
and multiple-breath TLC progressively diminished. 
In a. . . 

...9) used a similar approach to the one in our study and compared the TLC 
measured by single-breath helium dilution to that obtained by chest 
radiography in patients with an (FEV. sub. 1) /FVC in the range of 0.28 to 
0.95. TLC by single-breath helium dilution was in close agreement with 
radiography in patients with an (FEV. sub. 1) /FVC. . . 

...linear regression model relating the effects of airflow obstruction on 
the discrepancy between the two methods revealed a slope coefficient of 
0.81 for (FEV. sub. 1) /FVC, which is close... 

...are in disagreement with our conclusions. In one of the earliest studies 
on single-breath helium dilution, Mitchell and Renzetti(S) observed a 
. high degree of correlation between the single- and. . . 

...groups of patients, no significant difference was noted in the average 
TLC by these two techniques , leading the authors to recommend 
single-breath helium dilution for the routine measurement of TLC. 



Similarly, Pecora and associates ( 10) also found that in normal subjects and 
in... a similar magnitude as the multiple-breath TLC. More recently, Kilburn 
et al(ll) compared measured lung volumes in 16 patients with 
radiographically advanced absestosis by four methods : gas dilution 
(single- and multiple-breath), plethysmography, and radiography. While both 
gas dilution methods underestimated TLC, there was no significant 
difference between the single- and multiple-breath TLC. Surprisingly, 
single-breath lung volumes were closer to the plethysmographic and the 
radiographic measurements than were the volumes measured by the 
multiple-breath technique . These studies, however, were limited in that 
the inclusion of a relatively small number of... 

...reduced the power for detecting a statistically significant difference 
between the single- and multiple-breath methods . 

The conclusion that single-breath helium dilution underestimates 
the multiple-breath TLC in patients with airflow obstruction is an expected 
finding. Lung volume measurements by gas dilution are based on either 
the wash-in or the wash-out of a tracer gas from the lungs. 
Closed-circuit helium dilution involves breathing of a helium gas 
mixture from a closed-circuit spirometer with subsequent "wash-in" of 
helium into the lungs. This method can be performed with either a 
single- or multiple-breath technique . Single-breath helium dilution 
requires a vital capacity breath-hold of the helium gas mixture and is 
usually included with the measurement of DCO. Multiple-breath helium 
dilution, on the other hand, requires rebreathing of the helium gas 
mixture at FRC until equilibration of helium has occurred within the 
lungs. With either the single- or multiple-breath technique , 
determination of lung volume is based on knowing the initial volume of 
gas in the spirometer and the amount of helium dilution that has 
occurred during the test . The advantages of the closed-circuit method are 
that it is operationally simple and generally requires less patient effort 
than alternative methods of lung volume measurement , such as body 
plethysmography. Furthermore, both closed-circuit techniques , 
single-breath and multiple-breath, are reproducible in their measurement 
of TLC, with reported "coefficients of variation of 2.7 and 4.8%, 
respectively. (3) Disadvantages of the closed-circuit method include the 
potential for errors in the measurement of helium concentration that 
can result either from the alinearity of helium gas analyzers or from 
leaks in the patient-spirometer system . There is also a waiting period 
before this test can be repeated to allow for re-equilibration with room 
air. Thus, multiple determinations of FRC with this method are less 
feasible. Moreover, since closed-circuit helium dilution involves the 
wash-in of the inspired helium into the lungs, it is able to measure 
only the volume of gas in the lungs that is in direct communication 
with the airways. It is well known that patients with COPD have a 
significant amount of noncommunicating or trapped gas in their lungs. 
Closed-circuit helium dilution and gas dilution methods , in, general, 
are unable to measure this volume of trapped gas, and these methods 
yield estimates of TLC that are lower than those obtained by body 
plethysmography or radiography. (12-15. . . 

...can be as high as 1 L in some patients. (14) The error in the 
measurement of TLC is even greater when single-breath helium dilution is 
compared to other methods , especially in patients with airways 
obstruction. The results from our study and from previous work... 

...investigators, however, have demonstrated that by increasing the 
breath-holding time during the single-breath technique , one can achieve a 
better distribution of helium to poorly ventilated regions and thereby 



improve the accuracy of the single-breath TLC. (2, 16) Alternatively, as 
shown in our study, mathematically adjusting the single-breath 
measurement for the severity of airflow obstruction also can be used to 
obtain an accurate estimate of TLC. 

In contrast to closed-circuit helium dilution (a method based on 
wash-in of helium into the lungs), the open-circuit nitrogen method 
is based on the wash-out of nitrogen from the lungs while breathing 
100% (O.sub.2). Like the closed-circuit method , open-circuit nitrogen 
wash-out can also be performed with either a single- or multiple-breath 
technique . Single-breath nitrogen wash-out involves a vital capacity 
inspiration of 100% (O.sub.2) with subsequent measurement of the 
nitrogen concentration in the exhaled gas. Multiple-breath nitrogen 
wash-out, on the other hand, involves breathing of 100% (O.sub.2) with 
continuous collection of the exhaled gas and monitoring of the nitrogen 
concentration in this collection. As with the closed-circuit method , 
lung volume is determined by knowing the initial concentration of 
nitrogen in the lungs (usually assumed to be 0.81) and the amount of 
nitrogen washed out from the lungs during the test. The open-circuit 
method shares some of the disadvantages of the closed-circuit method 
including the potential for erroneous measurements either due to the 
nonlinearity of the nitrogen gas analyzers or from leaks in the system . 
Moreover, open-circuit nitrogen wash-out is also unable to measure the 
volume of "trapped" gas in patients with obstructive lung disease. 
Comparison of TLC measurements by single-breath nitrogen washout to 
those by plethysmography show a difference of 0.36 to 0.4 6 L. . . 

...L in' obstructed patients. (3) While this trend also holds true for the 
multiple-breath technique , the absolute difference is less when 
multiple-breath nitrogen wash-out is compared to closed-circuit helium 
dilution or plethysmography. With either the single- or multiple-breath 
nitrogen technique , the residual error in the measurement of TLC is 
directly related to the severity of airways obstruction. (12) An added 
source of error for the open-circuit method is the potential contribution 
of tissue nitrogen to the total amount of nitrogen collected during 
the washout period. Unlike helium , nitrogen is readily soluble in 
tissues and is eliminated from sources other than the lungs during the 
test. However, with appropriate adjustments for the volume of nitrogen 
eliminated from other tissues, there is a minimal loss in the accuracy of 
this method for measuring TLC. (17) 

Despite these limitations, open-circuit nitrogen wash out is a 
reliable and useful method for measuring TLC. Repeated measurements 
of RV with multiple-breath nitrogen washout have a coefficient of 
variation of about 2.2%. (18) Single-breath nitrogen measurements of TLC 
are also reproducible, with a reported coefficient of variation of about 
4.0%. (3) An advantage of the open-circuit method , relative to other 
methods , is its ability to assess the uniformity of gas distribution in 
the lungs. This is usually done with the single-breath nitrogen washout 
technique by plotting the nitrogen concentration at the mouth against 
the volume of exhaled gas. (19) After a vital capacity inhalation of 100% 
(O.sub.2), a characteristic pattern in the elimination of nitrogen is 
observed. This pattern consists of the initial elimination (phase I) of 
dead-space gas with no nitrogen , followed by a mixture of dead-space and 
alveolar gas resulting in a gradual increase in the nitrogen 
concentration (phase II) . Subsequently, a sloping plateau in the nitrogen 

concentration is observed, which reflects the elimination of the 
alveolar gas (phase III). If the inspired 100% (O.sub.2) is evenly... 
...all alveoli, the alveolar gas plateau will be horizontal. However, if 
there is inhomogeneity of ventilation , this plateau will have a gradual 
slope with the latter portion representing the nitrogen from slowly 



emptying portions of the lungs. Thus, the slope of the alveolar gas plateau 
is used by some to assess the heterogeneity in ventilation and has been 
shown to be an important predictor of the measurement discrepancy between 
the open-circuit method and plethysmography. (12) 

In contrast to gas dilution, body plethysmography and radiography are 
not limited in their ability of measuring only the volume of 
communicating gas. Both methods provide a measurement of the total 
volume of gas in the thorax whether it is in direct communication with the 
airways or not. For the plethysmographic measurement of TLC, the subject 
is seated in a sealed box and instructed to pant against... 

...is no airflow during the panting maneuver, the accompanying change in 
alveolar pressure can be measured directly at the mouth. The lung 
volume changes associated with the compression and expansion of thoracic 
gas are derived either from the. . . 

...volume plethysmograph. Application of Boyle's law to these 
pressure- volume changes, with appropriate thermodynamic adjustments , then 
permits the calculation of thoracic gas volume. Advantages of body 
plethysmography include its ability to measure the total volume of gas in 
the thorax, the relatively short duration of the test, and the potential 
for repeated measurements in the same patient. Moreover, the coefficient 
of variation of repeated measurements of thoracic gas volume by body 
plethysmography is about 4.4%. (3) There are, however, several limitations 
with this method . First, many patients cannot tolerate being in a sealed 
environment for even short time periods, and some are unable to adequately 
perform the required panting maneuver. Second, because plethysmography 
measures the volume of compressible gas within the thorax and abdomen, the 
inclusion of intra-abdominal gas may lead to substantial errors in the 
measurement of lung volume . (20) In most subjects, however, the error 
from this source is usually negligible if the panting maneuver is per 
formed properly. The third limitation is that plethysmography may 
overestimate the lung volume in obstructed patients because of the 
incomplete transmission of the alveolar pressure swings to the mouth. Brown 
et al(21) showed that in asthmatic subjects, measurement of thoracic gas 
volume by body plethysmography was greater when the panting maneuver was 
performed near RV than when it was performed near TLC. This discrepancy in 
the measured TLC at different lung volumes increased with worsening 
degree of airflow obstruction. On the basis of these findings, the authors 

...accurately reflected by the changes in ,the pressure at the mouth, which 
lead to inaccurate estimates of lung volume . To investigate this 
problem further, Shore et al(22) and Staneseu et al(23) compared lung 
volume measurements using esophageal pressure to estimate changes in 
alveolar pressure with measurements made by using changes in the mouth 
pressure. Both studies showed that in the presence... 

...TLC was significantly greater when mouth pressure was used in place of 
esophageal pressure to estimate the changes in alveolar pressure. This 
difference in TLC was explained by the fact that... 

...of between 0.5 and 1 Hz. (24,25) Given that body plethysmography may 
overestimate lung volumes in severely obstructed patients, Rodenstein 
and Staneseu (14) hypothesized that the observed discrepancy in lung 
volume measurements by plethysmography and gas dilution may be a 
combined effect of the ...of TLC by the gas dilution and the 
overestimation by plethysmography. 

The other alternative for measuring the total volume of 
communicating and non-communicating gas in the thorax, besides body 
plethysmography, is chest radiography. The two most commonly used 



radiographic techniques are the ellipsoid method of Barnhard et al(26) 
and the planimetry method of Harris et al.(27) The ellipsoidal method 
treats each hemithorax as a stack of ellipsoids of varying sizes to 
determine lung volume . Standard posterior-anterior and lateral chest 
radiographs are used to determine the length of major and minor axes and 
the height of each ellipsoid. The volumes of these ellipsoids are then 
summed and corrected for the cardiac, pulmonary , and blood volumes to 
obtain the radiographic lung volume . Planimetry, on the other hand, is 
based on the calculation of surface areas of the right and left 
hemithoraces . These surface areas are obtained with a planimeter and used 
in a regression equation to obtain the radiographic TLC. Measurements of 
TLC by radiography and plethysmography usually yield comparable results. In 
their original descriptions of the radiographic technique , both Harris et 
al(27) and Barnhard et al(26) noted a high degree of correlation (r (is 
greater than) 0.83) between radiography and other methods . Similarly, 
radiographic measurements in the Epidemiology Standardization Project 
were in close agreement with the plethysmographic measurements and had a 
coefficient of variation of about 4.5%. (3) In contrast, Spence and... 

...the intraindividual agreement between radiographic planimetry and 
plethysmography was poor. Additionally, planimetry did not accurately 
measure the change in lung volume from FRC to TLC within individuals. 
The authors concluded that radiographic planimetry is not a robust enough 
technique to replace other well-established techniques for measuring 
lung volume . Moreover, the exposure to radiation associated with this 
approach limits the frequency of repeated measurements . Nevertheless, 
radiography has proved to be very useful in certain situations, such as 
large epidemiologic surveys in which chest radiographs may be part of the 
screening process and standard PFTs may not be available. 

While we are unaware of any published studies that report the extent 
of utilization for each method , we suspect that gas dilution is perhaps 
the most widely used method for measuring TLC. Among the methods 
available, however, there is no one preferred method,. Each setting should 
be individualized and the choice of the method should be based on factors 
such as the purpose of the test, the patient population, feasibility, and 
cost. Furthermore, a fundamental understanding of the advantages and 
disadvantages of each method (Table 3) is necessary for accurate 
interpretation and use of the measurements from these methods . 

(TABULAR DATA 3 NOT REPRODUCIBLE IN ASCII) 

In summary, our study demonstrates that in normal subjects and in 
patients with mild airways obstruction, the single-breath and 
multiple-breath helium dilution techniques yield similar measurements 
for TLC. However, in patients with moderate to severe obstructive lung 
disease, single-breath helium dilution systematically underestimates 
the multiple-breath TLC. Adjusting the single-breath measurement in 
these patients improves the level of agreement between the two methods , 
thus increasing. the potential use of this relatively simple and rapid 
technique . The findings from our study extend previous work in several 
ways. First, to our knowledge this is the largest study to date comparing 
the single-breath and multiple-breath helium dilution techniques . 
Second, the inclusion of a heterogeneous group of patients in the initial 
comparison of the two techniques and in the validation of the model at a 
different pulmonary function laboratory increases the generalizability of 
our results. Third, the simple linear adjustment proposed for patients 
with moderate to severe obstruction is easy to apply both prospectively and 
to previously collected data sets. While we do not propose that 
single-breath helium dilution replace the multiple-breath technique , we 
do believe that the approach presented here has value in field or 
epidemiologic studies in which other methods are not feasible. 
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Single-breath, room-air method for measuring closing volume (phase 4) 
in the normal human lung. 

TEXT: 

The purpose of this study was to evaluate a new method to 
measure closing volume (CV) . This new method does not require oxygen or 
inert gases to be inhaled to obtain the onset of phase 4 . Because there 
are regional differences in the concentrations of the resident alveolar 
gases [(O.sub.2], [ CO . sub . 2 ], and [ N . sub . 2 ]), there should be 
an abrupt change in the concentration of these gases as the terminal 
portion of a prolonged expired vital capacity (VC) that... 

...inspired room air from residual volume (to mimic the maneuver of the 
standard single breath [ N . sub . 2 ] ( [SBN . sub. 2] ) washout test) to total 
lung capacity . During the expiration (flow constant at 250 
[ml . s . sup. -1] ) following a 10-s breath hold at total lung capacity , the 
exhaled gas was analyzed with a mass spectrometer for fractions of 
[O.sub.2], [ CO . sub . 2 ], and [ N . sub . 2 ]. Although the onset of 
phase 4 can be shown as the change in concentration of any of the three 
alveolar resident gases, oxygen was selected because (1) it demonstrates a 
greater apex to base concentration gradient than that found with [ CO . 
sub . 2 ] and [ N . sub . 2 ], and (2) a clear identification of the onset 
of phase 4 (minimum value of [O.sub.2] fraction). With this method , the 
mean [+ or -] SEM of CV was 16.8 [+ or -] 1.52 percent (CV x 100/VC) . No 
significant difference was found among the room air method , [SBN. sub. 2] 
method , and the helium bolus technique . 

Distribution of ventilation in normal human lungs is uneven. The 
description by Milic-Emili et al[l] of... 

...Their model explains the earlier observation by Fowler[2] of an increase 
in the expired nitrogen concentration in the terminal portion of the 
expired volume of the vital capacity (VC) . Dollfuss et al[3] labeled this 
abrupt increase in gas concentration as phase 4 . Because it was 
postulated that this abrupt increase was due to a... 

...at residual volume (RV) . Therefore, the detection of phase 4 is a 
requirement for the measurement of CV. In order to obtain phase 4, a gas 
concentration gradient must exist between the dependent and nondependent 
regions of the lung. [5] In the upright lung, these regions correspond to 
the basal and apical regions, respectively. 

The standard method to measure CV is the single-breath nitrogen 
washout test ( [SBN . sub . 2] ) . However, because of the importance of a 
reliable measurement of CV, investigators have introduced other methods 
to better identify the onset of phase 4, such as inhalation of insert 



gases. The helium [6,7] and argon [8] bolus techniques are the two most 
popular tests, but xenon-133 [3, 5] and other inert gases have also been 
applied. The [SBN.sub.2] test requires an inspiration of 100 percent 
[O.sub.2] from RV to total lung capacity (TLC) . [9] The inert gas 
bolus techniques require an inhalation of a bolus of the representative 

tracer gas at RV, followed by inspiration of room air to TLC. The use of 
a method for measuring CV that would not require breathing 100 
percent [O.sub.2] or an inert gas would provide an alternative 
procedure . 

According to the lung model of West, [10] there is a 43 mm Hg 
difference . . . 

...of the upright lung. The corresponding differences for [PCO.sub.2] and 
[PN.sub.2[ amount to only 14 and 29 mm Hg, respectively. We reasoned that 
the phenomena of phase... 

...longer contributes to the expirate during a prolonged expiration to RV. 
This room air CV method was compared with the [SBN.sub.2] and helium 
bolus methods . 

MATERIAL AND METHODS 

Nine normal, healthy male volunteers, 30 to 65 years of age, whose 
general physical characteristics... 

...corrected for time delay of 0.2 s between expired gas flows and the gas 
concentration outputs. Expired gas was sampled at the lips through a 
needle located in the mouthpiece 1 cm from the subject's incisors. Both 
inspiratory and expiratory gas flow were measured with a pneumotachograph 

(Fleisch, Rockford, 111) that was inserted between a four-way valve and... 

...the four-way valve and was used as a reservoir for the foreign gases, 
100 percent helium (bolus technique ), or 100 percent [O.sub.2] 

([SBN.sub.2] test). The voltage output from the mass spectrometer and the 
pneumotachograph were sampled at 50 Hz by an analog-to-digital converter. 
The gas concentrations ([O.sub.2], [ CO . sub . 2 ], [ N . sub . 2 ], and 

helium ) and the flow signals were sampled and processed on line by an 
eight-channel acquisition system (MacLab, New Haven, Conn) and a computer 

(Apple Macintosh IIx, Cupertino, Calif) . 

Room- Air Method for Measuring CV 

Subjects initially performed four or five normal tidal breaths with 
room air. Subsequently they... 

...The expired flow rate was kept constant with the aid of a visual 
flowmeter. Fractional concentrations of exhaled [ CO . sub . 2 ], 
[O.sub.2], and [ N . sub . 2 ], and the expired gas flow were recorded. The 
lowest value of fraction of [O.sub... 

...3 and beginning of phase 4. The onset of phase 4 was then used to 

measure the closing volume. 

[SBN.sub.2] and the Helium Bolus Tests for Measuring CV 
After four or five normal breaths of room air, the same subjects 

studied above ... 

...spirometer via a mouthpiece and the four-way valve. Each subject then 
either inspired 100 percent [O.sub.2] to TLC or a bolus of (100 percent 
helium ) 250 ml of pure helium at the beginning of the breath, ie, from 
RV followed by inhalation of room air to TLC. In both experiments, the 
exhalation proceeded at a rate of approximately 250 ml . [ s . sub . -1 ] from TLC 
to RV. For the [SBN.sub.2] method , CV was measured following the 
recommendations of the National Heart, Lung, and Blood Institute 
guidelines . [9] In brief... 



...by visual inspection, then the first convincing departure from this line 
was taken as the indicator of the onset of phase 4 . A similar technique 
was applied to the helium bolus method . 

Closing volume was measured as the expired volume beginning at the 
onset of phase 4 and ending at RV. A minimum of three tracings were 
obtained for each subject and for each method . In all three methods , 10 
min were allowed between trials to wash out the inhaled gases. All tests 
were . . . 

...This study employed a within-subjects design in order to examine the 
equivalence of three methods for determining CV. Multivariate analysis 
of variance (using Proc GLM of the SAS statistic package) [11] was... 

...type. Significance level for statistical tests was set at 0.05. 
RESULTS 

The expired gas concentrations corresponding to each of the three 
methods — room air, [SBN.sub.2] and helium — in a representative subject, 
have been compiled and are shown in Figure 1. As expected, the gas 
concentrations in phase 1 were identical to those in the inspired gases. A 
sudden change in the fractional concentrations marked the beginning of 
phase 2. In this phase, all three gas fractions ([FO.sub... 

...and FHe) produced sigmoidal-shaped curves. While in the [SBN.sub.2] 
washout test and helium bolus technique there is an increase in the 
fractional gas concentrations ([FN. sub. 2] and FHe, respectively), the 
opposite was observed with the [FO.sub. 2] (room air method ), a decrease 
in the fractional concentration . All gases show the alveolar gas plateau, 
phase 3. The slope of this phase for... 

...inspection, without the drawing of the best fit line, was required by 
the observer to determine the phase 3-4 intercept. However, because the 
slopes of phases 3 and 4 were positive, in both the [ N . sub . 2 ] and 
helium . methods , the drawing of the best fit line became essential 
especially when the slopes of the. . . 

...3 and 4 are only separated by a few units. Because the [0.sub.2] 
concentration fell during phase 3 and then rose, changing the sign of the 
slope created a minimum gas fraction value, which allowed the onset of 
phase 4 to be determined more easily and without the above problem. 

The CV mean [ + or -] SD of each subject read by three different 
observers for all three methods are presented in Table 2. No significant 
differences were found among methods , observers, or interaction between 
observer and method (Table 3) . 

DISCUSSION 

As early as the turn of the century, investigators have suggested 
that the inhalation of atmospheric'air could not be considered feasible 
to elucidate questions concerning the mixing of inspired gases with the 
resident alveolar gases. [12] Therefore, boli of inert gases , such as 
hydrogen, helium , and argon, have been used to study the distribution of 
inspired gases. Contrary to accepted... 

...study the distribution of inspired gases. Due to the apex to base 
difference in the concentrations of the [TABULAR DATA OMITTED] 

resident alveolar gases, we reasoned that the phenomena of phase 4 
could be demonstrated. Flores[13] demonstrated that during room-air 
breathing , the onset of phase 4 can be identified during a prolonged 
expiration to RV with... 

...the present study show no significant difference in the onset of phase 4 



by the inhalation of room air, oxygen, or helium . 

The rise in [0.sub.2] and the fall in [ CO . sub . 2 ] at the end of 
a prolonged expiration, now known as phase 4, were observed more... 

...of phase 4, a rational approach was designed to employ alveolar gases 
([O.sub.2], [ CO .sub. 2] and [ N . sub . 2 ] ) as tracers to measure CV. 
The following lung model helps to clarify the rationale employed. 
Model Used for the Room-Air Method 

The present model is constructed by a combination of three models 
found in the literature. [1, 10, 18] This model takes into account the 
regional [O.sub.2] and [ CO . sub . 2 ] gas exchange in the lung at steady 
state conditions. Alveolar [ N . sub . 2 ] concentration is set by the 
other two gases, thus: [FAN. sub. 2] = 1- ( [FAO. sub . 2] + [ FACO . sub . 2 ] ) . The 
alveolar gas concentration values for [O.sub.2] and [ CO . sub . 2 ] at 
steady-state conditions are determined from a balance between 

Table 3 — Multivariate Test Results for Observer and Test 

Differences 

Hotelling. . . 

...4,5 1.4173 0.35 

(*1) df = degrees of freedom 
[TABULAR DATA OMITTED] 

alveolar ventilation and pulmonary perfusion (VA/Q) . The alveolar 
[ Po . sub . 2 ] and [ Pco . sub . 2 ] at . . . 

...values were altered first, by the gas inspired, and second, by [O.sub.2] 
and [ CO . sub . 2 ] gas exchange. Room air inspiration was simulated from 
RV and FRC, and gas exchange 7 0 exchange. These calculations are 
described in the appendix. 

Room-Air Method vs Other Methods 

The maneuver of exhaling first to RV and then inhaling room air to 
TLC was .... 

...mimic the same maneuvering that is performed with the [SBN.sub.2] 
washout test and helium bolus technique . Therefore, comparable 
maneuvers were analyzed. 

Because expired alveolar [ N . sub . 2 ] concentration changes very 
little during normal expiration, a volume of [O.sub.2] corresponding to a 
VC is inhaled to dilute the resident alveolar [ N . sub . 2 ] and magnify 
the apex to base concentration differences. Using the model described 
above, the calculated apex to base [ N . sub . 2 ] concentration 
gradient after a VC inspiration of oxygen ([SBN.sub.2] test) has been 
calculated (Table 5). Unfortunately, with the [SBN.sub.2] washout test not 
all subjects show a... 

...phase 4, [19] probably due to variations in the magnitude of the apex to 
base [ N . sub . 2 ] gradient. Consequently, investigators have developed 
other methods to identify the [TABULAR DATA OMITTED] 

onset of phase 4. Thus, the inert gas technique was derived. The 
[SBN.sub.2] washout test and the helium bolus technique are now the two 
most practiced methods . Herein, we are demonstrating an alternative 
method that does not require the inhalation of 100 percent [O.sub.2] 
or an inert gas . We evaluated this new method for measuring CV by 
comparing it with the standard [SBN.sub.2] washout test and the helium 
bolus technique . The multivariate analysis of variance showed no 
significant difference among the three methods (Table 3) . Due to large 
variations in the size of lung volumes , the amount of inhaled tracer 

gas from residual volume will produce a small or large concentration 
difference between the apex and the base of the lungs. From the work of 
Laviolette . . . 



...experiments (unpublished), the magnitude of the slope for phase 4 is 
directly dependent on the amount of trace gas inhaled. A lesser rise of 
phase 4 (slope) in [ N . sub . 2 ] when the [SBN.sub.2] test is used as 
compared with a steeper and better resolution of the inflection point 
between phases 3 and 4 using the bolus technique has been predicted [21 ] 
by estimating the changes in the relative concentrations of regional 
alveolar gases to the predicted alveolar concentrations of phase 3. This 
difference is evident in Figure 1. However, the estimates of CVs are not 
different among methods (Table 2) . This is also true in the model of 
Kaneko et al[21] (see their Fig 5). Other investigators also failed to show 
a difference in CV determinations between the helium bolus technique 
and the [SBN.sub.2] washout test. [6,7] The variability observed among 
subjects is . . . 

...the onset of phase 4 can be easily identified by using the new room-air 
method while exhibiting no significant differences between the two most 
common methods ([SBN.sub.2] and helium bolus). Furthermore, the 
room-air method appears to be the simplest of all three modalities. 
First, no foreign gas (100 percent [O.sub.2] or inert gases ) needs to 
be inhaled. Second, the beginning of phase 4 is self- determined when 
resident [O.sub.2] is analyzed; thus, the need to draw a best fit line 
through phase 3 of the gas curve is eliminated . This study was conducted 
in healthy subjects; the assessment of our method in subjects with 
pulmonary-impaired disease still needs to be addressed. 

APPENDIX 

The apex and. . . 

...regional lung model[18] are herein used to quantitate the alveolar 
[O.sub.2] and [ CO . sub . 2 ] changes that took place upon inspiration 
(from RV or FRC) and the changes that occurred with gas exchange. Briefly, 
this model [18] consists of seven regions with similar lung volumes at 
TLC (each has 1/7 of TLC) . Only the apex and base regions are considered 
for these calculations . At RV they have 32.7 percent and 7.6 percent 
of regional TLC for the apex and base, respectively. Each region 
inflates/deflates in a. . . 

...sub.b] = 0.23X + [X.sup.2] - [0 . 23X. sup. 3] ) , where X is the lung 
volume as a fraction of TLC. [V.sub.a] and [V. sub.b] are regional volumes 
as fractions of regional TLC. The alveolar [O.sub.2] and [ CO . sub . 2 ] 
values at rest for the apex and base regions are taken from the lung model 

...alveolar gas fractions and the RV, as well as the FRC of the subject, 
the amount of [O.sub.2] and [ CO . sub . 2 ] can be calculated . Adding 
the amount of [O.sub.2] inspired (no [ CO . sub . 2 ] is inhaled with 
room air), the alveolar [O.sub.2] and [ CO . sub . 2 ] fraction at RV or 
FRC level can be calculated . The resulting calculations . for alveolar 
[O.sub.2] and [ CO . sub . 2 ] fractions following the inspiration of room 
air (VC » 6.1 L, at sea level) after... 

. . .seen, there is a substantial gain of alveolar oxygen and a significant 
dilution of alveolar [ CO . sub . 2 ] . The dilution for [ CO . sub . 2 ] at 
the base is more marked. If we simulate a [ CO . sub . 2 ] expirogram with 
these alveolar gases, an end-tidal [ CO . sub . 2 ] of 6.6 mm Hg, or 0.0092 
is obtained. This is at variance with experimental findings (end-tidal [ CO 
. sub . 2 ] of 30 mm Hg or 0.0421 at 0 s breath holding) whereby the effect 
of breath holding on end-tidal [ CO . sub . 2 ] was studied. [23] The 
difference between the model and the experiments suggests that 
physiologically a significant amount of [O.sub.2] and [ CO . sub . 2 ] 
was exchanged at the alveolar-capillary level during the inspiratory 



maneuver, due to an enlarged mixed venous to alveolar [ CO . sub . 2 ] 
gradient . 

Secondly, in order to calculate the effect of gas exchange with the 
model, the ratio of [ CO . sub . 2 ] to [0.sub.2] of the differences 
between the alveolar gases at FRC and those after inspiration allow us to 
calculate the gas exchange ratio in each region. A total pulmonary blood 
flow of 5.784 . 

...the VC maneuver. Taking these conditions into consideration and the 
standard [0.sub.2] and [ CO . sub . 2 ] dissociation curves, the [0.sub.2] 
and the [ CO . sub . 2 ] fluxes can be calculated . Thus, assuming a 
steady-state gas exchange, the time required for the alveolar gases to 
return to the resting values can be calculated . The results (Table 4) 
show that this process takes 70 s. 

Thirdly, if a volume of room air is inhaled from FRC to... 

...observed (Table 4, inspiration from FRC), but to a lesser degree. 
Therefore, if normal tidal lbreathing is maintained, the expected changes 
will be even less, perhaps closer to the resting values... 
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TEXT: 

...this drug lowers pulmonary hypertension, but the effects of this 
lower pulmonary vascular tone on ventilation -perfusion (Va/Q) 
relationships are still poorly understood. To analyze them, we determined 
the Va/Q distributions in eight patients with stable COPD ([FEV.sub. 1] , 36 
percent of predicted) at rest and during exercise (60 percent 
[Vo. sub. 2max] ) , before and after nifedipine (20 mg sublingually) . 
Nifedipine shifted to the right... 

...in patients with COPD, as it is shown here, is due to improvement in the 
ventilation distribution. Interestingly, this Va/Q improvement was not 
paralleled by a significant decrease of P (A-a) [0. sub. 2] . This apparent 
paradox could be explained by 20 percent of the actual P (A-a) [O. sub . 2] , 
during exercise due to diffusion limitation, as assessed through the 
inert gas approach. Taken all together, these results help to better 
understand the mechanisms that govern pulmonary. . . 

HPV = hypoxic pulmonary vasoconstriction; relationship = ventilation 
-perfusion relationships; shunt ( inert gases ) = percent of Qt to lung 
units with Va/Q = ratios <0.005; low Va/Q = percent of Qt to lung units 
with Va/Q ratios <0.1.( excluding shunt); high Va/Q = percent of Ve to 
lung units with Va/Q ratios 10 to 100; dead space= percent of Ve to lung 
units with Va/Q ratios >100... 

...at the mean of the blood flow distribution; V « ratio at the mean of the 
ventilation distribution Logsd Q=dispersion (SD) of the blood flow 
distribution on a log scale; Logsd V = dispersion (SD) of the ventilation 
distribution on a log scale, DISP R-E* = overall degree of Va/Q. . . 

. . .mismatching directly obtained from the raw inert gas data; Ppa = 
pulmonary artery pressure; PFT = pulmonary function test; Deo = carbon 
monoxide diffusing capacity ; Qt, cardiac output; Pw = pulmonary 
capillary wedge pressure; TPVR = total pulmonary vascular resistance; RVSWI 
= right ventricular stroke. work index; f = respiratory rate; R = 
respiratory ; Qs/Qt = venous admixture; Vd/Vt = dead space tidal volume 
ratio; BE = base excess 
In. . . 

...COPD) studied at rest, nifedipine releases hypoxic pulmonary 
vasoconstriction (HPV), diverts blood flow to poorly ventilated lung 
units, and worsens gas exchange. [1] During exercise, release of HPV in COPD 
by... 

...of pulmonary hypertension . [2-4 ] However, the effects of this lower 
pulmonary vascular tone on ventilation -perfusion (Va/Q) relationships 
under exercise conditions are still poorly understood. This investigation 



was aimed. 



...hypoxic vasoconstriction in modulating pulmonary gas exchange during 
exercise in COPD. We used the multiple inert gas elimination 
technique [5,6] determine the Va/Q distributions of eight patients with 
COPD at rest and during exercise, before... 

...those with end-stage vascular disease, who presumably have more 
irreversible structural damage. [7,8] 
Methods 
Patients . . . 

...nonreversible chronic airflow limitation ( [FEV . sub . 1] , 1.15 [ + or -] 
0.12 L [36 [+ or -] percent predicted]) were selected from the outpatient 
clinic of our institution. None of them had clinical... 
...heart disease. None of them was receiving oxygen therapy at home. 
Pulmonary function test (PFT) evaluation included measurement of static 
and dynamic; lung volumes (HP-47804A Pulmonary System Desk; 
Hewlett-Packard, Palo Alto, Calif), plethysmographic functional residual 
capacity and airway resistance (Body test... 

...corrected for hemoglobin. [9] Predicted values for PFT were from our own 
laboratory. [10, 11] 
Procedures 

A transvenous balloon-tipped catheter (Swan-Ganz 7F, Edwards 
Laboratories, Santa Ana, Calif) was placed. . . 

. . .polyethylene catheter (Seldicath, Plastimed, France) was inserted in the 
radial artery. Cardiac output (Qt) was determined by the thermodilution 
technique (9520A, Edwards laboratories, Santa Ana, Calif) . Intravascular 
pressures were continuously monitored (HP-7754 B) using HP-1290 A 
transducers and were read at end expiration over three respiratory cycles 
(the external zero reference level was positioned at midchest) . During 
exercise, the pronounced pleural... 

. . . de the measurement of pulmonary capillary wedge pressure (Pw) 
difficult. Therefore, we elected to report Pw only at rest and to 
calculate total pulmonary vascular resistance (TPVR) as mean Ppa divided 
by Qt.4' Right ventricular stroke... 

...was (yr (L. [min . sup. -1] /body surface area ( [m. sup . 2 ) . sup . 2 ] 

Minute ventilation (Ve) and respiratory rate (f) were recorded 
minute by minute using a calibrated Wright spirometer. Low dead space... 

...Mo) or during exercise (E. Jaeger, Wurzburg, FRG) . Oxygen uptake 
( [Vo.sub.2] to) and carbon dioxide output ([Vco.sub.2] were calculated 
from mixed expired fractions of [0. sub. 2] and [ CO . sub . 2 ] (Multi-gas 
MS2, Medishield, Ohmeda : BOC UK), respectively, and the respiratory 
quotient (R) as [Vco . sub . 2 ] / [Vo . sub . 2 . ] [Po.sub.2], [Pco . sub. 2 . . . 

. . .were analyzed in duplicate (IL 1302 pH blood gas analyzer; 
Instrumentation Laboratories, Milan, Italy) . Hemoglobin concentration was 

measured (OSM-2 Hemo-oximeter , Radiometer, Copenhagen, Denmark) and 
oxygen saturation was computed through Kelman ! s... 

...0.sub.2] venous admixture (Qs/Qt), dead space-tidal volume ratio (Vd/Vt, 
and systemic [O.sub.2] delivery were calculated using standard 
formulas . [12] 

The Va/Q distributions were estimated by the multiple inert gas 
elimination technique .[5,6] Particular features of its set-up in our 



laboratory have been reported elsewhere .[ 12] Briefly, after infusing a 5 
percent dextrose solution of six inert gases ( [ SF . sub . 6 , ] 
ethane, cyclopropane, enflurane, ether, and acetone) through a peripheral 
vein for about 30 minutes at... 

...samples of heparinized arterial and mixed venous blood and mixed expired 
gas were simultaneously withdrawn. Inert gas concentrations in mixed 
expired samples and the gas phase of equilibrated arterial and mixed venous 
samples were measured by gas chromatography (Hewlett-Packard 5880A) . 
Solubilities of inert gases were measured for each patient and the 
Va/Q distributions were estimated from the inert gas data using a 
least-square fit to the data by a multicompartmental model with enforced 
smoothing in the usual manner. [13] We defined shunt as the percentage of 
Qt perfusing essentially unventilated alveoli (Va/Q <0.005), low and high 
Va/Q... 

...0.005 and 0.1, and 10 and 100, respectively, and dead space as the 
percentage of Ve to lung units with Va/Q ratios higher than 100. The 
latter includes... 

. . . unperf used alveoli, and instrument dead space. The position of the 
pulmonary blood flow (Q) and ventilation (V) distributions is described 
by the Va/Q ratio at their mean (Q, V, respectively. . . 

...standard deviation on a log scale ( [log. sub. sd] Q, [Log. sub. sd. ] V). The 
inert gas results are also reported as the dispersion directly obtained 
from retention (R) minus excretion (E) (corrected for the acetone 
excretion, E* ) of each inert gas (DISP R-E*), which is an index of the 
overall amount of Va/Q mismatching. [14] 
Protocol 

The protocol was approved by the Hospital Clinic-Facultat . . . 

...vasoactive or bronchoactive effects. After the patient had fasted 
overnight and without premedication, pulmonary and systemic arterial 
catheterization were performed. Forty-five minutes after starting the 
inert gas infusion, measurements of pulmonary and . systemic 
hemodynamic variables- and respiratory and inert gas exchange 
parameters were taken at rest. Then, exercise was begun on a cycle 
ergometer (E. Jaeger) at a power output (33 [+ or -] 8 W) equivalent to 50 
to 60 percent of their maximal tolerated work load (which had been 
quantified on a previous day) , and a second set of hemodynamic and gas 
exchange measurements was obtained approximately ten minutes later. The 
patients were allowed to rest for 15 to 30 minutes until pulmonary and 
systemic hemodynamic variables and respiratory gas exchange parameters 
had returned to resting conditions. Nifedipine (20 mg) was then given 
sublingually, and resting and exercise measurements were repeated as 
before (at 45 minutes and 1 h after nifedipine, respectively) . All 
measurements were taken in a semirecumbent position. A steady state 
condition (as defined by variations of less than [+ or -] 5 percent in 
heart rate and minute ventilation and of less than [+ or -] 0.1 percent 
in [FeO.sub.2] and [FeCO.sub.2] was monitored in each of the steps... 

...the present protocol (rest and exercise with and without nifedipine) by 
continuously monitoring electrocardiogram, minute ventilation , 
respiratory rate, and mixed expired [O.sub.2] and [ CO . sub . 2 .] The 
hemodynamic measurements were obtained before and after blood sampling 
for respiratory and inert gas analysis. Given that there were no 
significant differences between these two hemodynamic measurements , only 
values obtained after blood sampling are reported. 
Safety Measures 



Our primary concern at all times during the study was the safety of 
the patient. Consequently, improvement in monitoring procedures included 
a continuous graphic recording of systemic and pulmonary arterial 
pressures as well as continuous electrocardiographic (HP-7830A) and ear 
oximetry (Biox. . . 

...of them did. Three physicians were present at all times, with one 
directing his attention exclusively to the patient. 
Statistical Analysis 

An analysis of variance for repeated measures (MANOVA, SPSS) was 
used to compare measurements at rest and during exercise, before and 
after nifedipine. Interaction between exercise and nifedipine was...Hg) and 
mild increases in both the P(A-a) [0.sub.2] and the percentage of venous 
admixture (Qs/Qt, 10 [ + or -] 1 percent ) . None of the patients had [ CO . 
sub . 2 ] retention, but all had Vd/Vt values higher than 40 percent . The 

inert gas data showed only small amounts of shunt and/or blood flow 
to lung units with Va/Q ratios lower than 0.1 (less than 1 percent of QT, 
each) . Seven of the eight patients showed a broad unimodal blood flow 
distribution. . . 

...shunt; patient 7 showed a bimodal blood flow distribution. Only patient 
5 had a noticeable amount of shunt (2.6 percent of QT) . Four patients 
(patients 1, 3, 5, and 7) had bimodal ventilation distributions with a 
substantial percentage of Ve distributed to high Va/Q areas (10 to 100) 
The dispersion of the blood flow and ventilation distributions 
( [Log. sub. sd] Q and [Log. sub. sd] V, respectively) (normal range, 0.3 to 
0.6) and the overall amount of Va/Q mismatching estimated from raw 
retention and excretion values (DISP R-E* ) were moderate to severely 
increased with. . . 

...p<0.05), and Qs/Qt was higher (10 [+ or -] 1 to 15 [ + or -] 2 percent , 
p<0.05). Because of the above-mentioned increase in Qt [O.sub.2] delivery 



...992 [+ or -] 85 to 1,228 [ + or -] 97 ml . [min . sub . -1 ] , p<0.005). 
Ventilation -perfusion mismatching increased after nifedipine (higher DISP 
R-E*, p<0.001) Specifically, the blood. . . 

...strongly suggest release of HPV. [1] Despite the increase observed in the 
dispersion of the ventilation , distribution ( [Log . sub . sd] V) was not 
modified by nifedipine. However, this increase in Ve. . . 

...vs Rest Before Nifedipine) 

Exercise [Vo.sub.2] (872 ml/min) averaged 53 [+ or -] 5 percent of 
maximal predicted. 16 This represented a substantial level of exercise for 
these patients, as... 

...not change (28 to 31 mm Hg) . The Vd/Vt fell from 50 to 42 percent 
(p<0.001). Exercise reduced Va/Q mismatching as estimated either by the 
significant decreases in [Log. sub. sd] and [Log. sub. sd] V or... 
...O.sub.2] transfer from alveoli to the end-capillary blood is evident as 
a systematically higher predicted than measured [ PaO . sub . 2 ] . [ 6] At 
rest, no significant difference was noticed between predicted and measured 
[PaO. sub. 2]. However, during exercise, predicted [PO.sub.2] (74 [+ or -] 5 
mm Hg) was systematically higher than measured [PaO. sub. 2] (68 [ + or -] 
4 mm Hg, p<0.002). In absolute terms, this difference was small (6 [ + or -] 
1 mm Hg) and accounted for 20 percent of the actual P (A-a ) [0 . sub . 2 ] . This 
observation suggests that pulmonary [O. . . 

...did not change after giving the drug. Finally, it is of note that 
predicted and measured [PaO. sub. 2] values during exercise after 



nifedipine fell along the same direction as during ... during exercise with 
nifedipine, it was higher after than before giving the drug. Accordingly, 
the percentage of ventilation distributed to high Va/Q areas (10 to 
100) increased almost twofold during exercise after nifedipine (3.7 to 6.2 
percent ), but differences failed to reach statistical significance. 
Overall, there was more VA/Q mismatching during... 

...p<0.001). The perfusion distribution was shifted to the left (lower Q) 
and the ventilation distribution was shifted to the right (higher V) . The 
higher [Log. sub. sd] Q during... 

...to distribute blood flow during exercise in a more efficient manner. The 
dispersion of the ventilation distribution ( [Log . sub . sd] V) during 
exercise was not modified by nifedipine. 
A synergistic effect... 

...the latter has a small functional effect since, even after nifedipine, 
exercise reduced the overall amount of Va/Q mismatch. This observation 
suggests that the role of HPV in modulating gas... 

...of the Va/Q improvement seen under these conditions is due to 
improvement in the ventilation distribution. To clarify the more relevant 
aspects of this investigation, the effects of exercise on. . . 

...22] Wagner et Al [17, 18] and Dantzker and D'Alonzo[22] used the multiple 
inert gas elimination technique to study patients with COPD during 
exercise. Even though Va/Q inequality did not change... 

...the reduction of Qs/Qt.[19] However, since the latter investigation used 
conventional gas exchange measurements , the authors could not separate 
the precise role of Va/Q mismatching, shunt, and [0... 

...Dantzker and D'Alonzo[22] vs 1 . 5 L [in our patients]) together with more 
[ CO . sub . 2 ] retention at rest (56 vs 39 mm Hg, respectively) . Thus, we 
suggest that the less the alveolar ventilation (lower [Log. sub. sd] V) and 
the pulmonary blood flow (lower [Log. sub. sd] Q. . . 

...2] did not change. At first glance, this suggests that exercise did not 
modify the efficiency of the lung as a gas exchanger . However, as it 
has been already pointed out, the inert gas elimination technique 
showed that the Va/Q distributions definitely improved during exercise. The 
apparent paradox of a... 

...without any noticeable change in P (A-a) [0. sub. 2] is explained by 20 
percent of the P(A-a) [0.sub.2] due to diffusion limitation, as suggested 
by the higher predicted than measured [PaO.sub.2] during exercise 
(p<0.002) . [6] This would then limit the expected... 

...2] electrodes is checked daily with tonometered blood, and reported 
[Po.sub.2] values are systematically corrected for body temperature [ 6] 
which, in the present study, was obtained through the thermistor... 

...not seen at rest. Moreover, during exercise after nifedipine (1 h after 
the first exercise measurements were taken) , we observed a similar trend 
(p = 0.09). Thus, under these circumstances, a... 
. . .this observation. 

Role of HPV During Exercise 

At rest, nifedipine diverted blood flow to poorly ventilated lung 
units. This observation strongly suggests release of HPV and is in keeping 
with previovis... 



...effect in modulating the gas exchange response to exercise in COPD. Note 
that the overall amount of Va/Q mismatching (DISP R-E* ) improved with 
exercise even after the release of... 

. . .most of the Va/Q improvement seen during exercise is due to improvement 
of the ventilation distribution. 
[TABULAR DATA OMITTED] 

For example, the increase in the end-inspiratory volume that follows 
exercise may have facilitated a better ventilation of airways that were 
partially closed at rest. We cannot exclude that nifedipine has some 
effect on the bronchomotor tone. However, given that nifedipine has no... 

...in our patients. On the other hand, the potential effects of the slight 
changes in [ CO . sub . 2 ] during exercise on bronchomotor or vascular 
tone, although presumably negligible, cannot be quantified be design. 

To summarize, our study shows that exercise can improve Va/Q 
mismatching in. . . 

...suggests that most of this improvement depends on a more homogeneous 
distribution of the inspired ventilation and that hypoxic pulmonary 
vasoconstriction probably plays a minor role in the modulation of such... 

...pulmonary vasoconstriction by nifedipine interferes with the ability of 
the pulmonary circulation to distribute blood flow more efficiently and 
worsens pulmonary gas exchange , not only at rest but also during 
exercise. Finally, this investigation highlights a limitation in... 

...J, Albert RK, Lakshminarayan AS, Butler J. Nifedipine dilates the 
pulmonary vasculature without producing symptomatic systemic hypotension 
in upright resting and exercising patients with pulmonary hypertension 
secondary to chronic obstructive pulmonary. . . 

...cor pulmonale. Thorax 1985; 40:910-4 [5] Wagner PD, Naumann PF, Laravuso 
RB. Simultaneous measurement of eight foreign gases in blood by gas 
chromatography. J Appl Physiol 1974; 36:600... 

...AM, McDonald A, Saunders JM. Iron-deficiency anaemia: its effect on 
transfer factor for the lung , diffusing capacity and ventilation and 
cardiac frequency during submaximal exercise. Clin Sci 1972; 42:325-35 [10] 
Roca J. . . 

...Roca J, Segarra F, Rodriguez-Roisin R, Cobo E, Martinez J, Agusti-Vidal 
A. Static lung volumes and single-breath diffusion capacity reference 
values from a Latin population. Am Rev Respir Dis 1985; 131:352A [12] 
Rodriguez . . . 
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JP 1973-43180 19730418 
An automated analyzer with mass spectroscopic arrangement is presented for 
the determination of lung diffusion capacity and gas exchange 
rate. A mixture containing He, N, CO and O is inhaled by a test 
subject and the exhaled air containing these gases and C02 is 
introduced into the analyzer for anal. The analyzer contains a device for 
the removal of C02 prior to anal., and an automated device for 
calculating the lung diffusion capacity on the basis of the 
ratio of (He concentration in exhaled air/He concentration in 
inhaled air) + CO concentration in inhaled air : CO concentration in exhaled 



air. 
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AB The influence of phys . properties of the breathing medium on 

alveolar gas exchange was studied measuring alveolar-arterial partial 
pressure differences (5p) for O and C02 in artificially 
ventilated, anesthetized dogs, replacing air N by 
He, Ar, or SF6. In both hypoxia and normoxia, the 
5p02 decreased in the sequence He-02 > N2-02 > 
Ar-02 > SF6-02, whereas 5pC02 remained practically 
unchanged. Addnl . measurements of pulmonary diffusing 
capacity for CO (DCO) using the single breath technique revealed 
no significant differences among the 4 gas mixts. used. These results 
were interpreted in terms of the possible roles of diffusion limitation 
(stratification), Taylor dispersion, and viscosity-dependent 
ventilation-perfusion inhomogeneties . 
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2003 

...ABSTRACT: of up to -2 mV at Cz versus the temporal derivations (T3/T4). 

Hyperventilation-like breathing of 5% C02-95% 02, which does not lead 
. to a significant hypocapnia, resulted in a near-complete block of the 

negative DC shift at Cz. Hypoventilation, or breathing 5% C02 in air at 

normal respiratory rate, induced a positive shift. The high amplitude 

of the voltage gradients on the scalp. . . 

. . . Pco2-dependent potential difference across epithelia separating the 
cerebrospinal fluid and blood. Since changes in respiratory patterns 
and, hence, in the level of brain Pco2, are likely to occur under a... 
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.ABSTRACT: hypertension and in improving oxygenation. With this delivery 



method the nitric oxide administration to low ventilated lung regions 
is avoided with subsequent enhancement in oxygenation. This study 
presents (i) pulsed administration technique for nitric oxide during 
artificial ventilation , (ii) evaluation of the delivery in an animal 
model, and (iii) validation of the delivery. . . 

...3-1000 nmol. Conclusion: With pulsed administration nitric oxide therapy 
can be directed to well- ventilated lung regions. Avoiding 
administration to the anatomic dead space eliminates nitric oxide 
exhalation effectively, which. . . 
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...ABSTRACT: to atomize liquid solutions or suspensions. The nebulizer is 
typically used in conjunction with a breathing circuit to deliver 
atomized medicine to a patient. A housing with an opening covered by... 

...vibrated at ultrasonic frequencies to atomize the liquid as it passes 
through the plate into breathing gases flowing through the breathing 
tube . 
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...METHODS & EQUIPMENT: breathing circuit... 

. . . breathing tube 



7/3, K/4 (Item 4 from file: 5) 

DIALOG (R) File 5:Biosis Previews (R) 
(c) 2004 BIOSIS. All rts. reserv. 

0014102490 BIOSIS NO.: 200300061209 

Different toxicological profile of two COMT inhibitors in vivo: The role of 
uncoupling effects . 

AUTHOR: Haasio K (Reprint) ; Nissinen E; Sopanen L; Heinonen E H 



AUTHOR ADDRESS: Research, Orion Pharma, FIN-02101, P.O. Box 65, Espoo, 

Finland** Finland 
AUTHOR E-MAIL ADDRESS: kristiina.haasio@orionpharma.com 

JOURNAL: Journal of Neural Transmission 109 (11): pl391-1401 November 2002' 

2002 
MEDIUM: print 
ISSN: 0300-9564 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

. . .AUTHOR: Heinonen E H 
2002 

...ABSTRACT: tolcapone- and in DNP-treated rats. These signs together with 
clinical symptoms consisting of increased respiration , decreased 
activity and drowsiness, and elevation of the rectal body temperature 
observed in tolcapone- and. . . 
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...ABSTRACT: gas administration. system. In normal operation, the system 
supplies NO to the patient with the breathing gases inspired during the 
inspiration phase of the respiratory cycle. Breathing gases are 
expired during the expiration phase of the respiratory cycle. In the 
method, the expiration phase of the patient f s respiratory cycle is 
sensed and the administration system is operated in the expiration phase 
to pass . . . 

...through the system to flush out the system, including any N02 present, 
into the expired breathing gases of the patient. Since the contents of 
the system are discharged during the expiration phase, the N02 gas so 
removed is carried away from the patient with the expired breathing 
gases. The purging of the system is typically carried out at startup of 
the system. . . 



.an expiration phase prior to administering NO during the inspiration 



phases of the patient's respiratory cycle for medicinal purposes. The 
method may be used with administration systems for other types.!. 
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...ABSTRACT: We administered NO as a pulse and varied the pulse timing 
during inspiration in equine anaesthesia , where atelectasis develops 
regularly. Six spontaneously breathing standard breed trotters were 
studied under isoflurane anaesthesia in lateral recumbency. NO pulsed 
into the first 30% of inspiration (group NOpI) was assumed... 

. . . findings may be important in humans when atelectasis occurs increasingly 
with overweight and age during anaesthesia , but also in postoperative 
intensive care and in ARDS. 
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ABSTRACT: A tracheal gas insufflation delivery system for use with a 
ventilator breathing system including a ventilator and a breathing 

circuit. The delivery system includes a flow generator connected to the 
inspiratory limb of the breathing circuit through an inlet line. The 
flow generator is operated to draw off a supply. . . 

...The flow generator is connected by a delivery line to the patient limb 
of the breathing • circuit, preferably, near the distal end of an 
endotracheal tube used in the patient limb. The gas supplied by the 
delivery line reduces the volume of previously exhaled gases subsequently 

breathed by the patient increasing the physiological efficiency of 
patient ventilation and allowing a reduction in ventilatory 
pressures. The tracheal gas insufflation delivery system may include an 
intermediate cylinder that can be filled by the flow generator so that 
the tracheal gas insufflation delivery system can deliver a greater 
supply of gas. 

DESCRIPTORS: 
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...drug delivery equipment, respiratory equipment... 
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ABSTRACT: An apparatus/method for detecting an empty breathing gas 



compartment condition in a bellows ventilator for a patient. The 
apparatus includes a first sensor for measuring, during inspiration, the 
incoming. . . 

...value will be large if the bellows is movable, i.e. not in the empty 
breathing compartment gas condition. The compliance value is small if 
the empty breathing gas compartment condition exists. The compliance 
value, so determined, is compared with a reference compliance value in 
the control unit to detect the empty breathing gas compartment 
condition. 
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...ABSTRACT: pulmonary functional residual capacity (FRC) . A given amount 
of indicator gas is delivered into the breathing gases flowing into the 
lungs of a subject in a selected number of sequential breaths . The 
amounts of indicator gas delivered during the selected number of breaths 

are summed to provide a cumulative total (SIGMAVin) . The amount of 
indicator gas exhaled in the number of sequential breaths is summed to 
provide a cumulative total (SIGMAVout) . An indication of the 
concentration of indicator gas in the lungs of the subject (FET) is 
obtained for said two or more breaths . Using the quantities (SIGMAVin), 
(SIGMAVout), and (FET) as measured variables, at least two measured value 
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...ABSTRACT: small discrete volumes of gas, for example sulfur hexa 
fluoride or nitric oxide, to the breathing gases of a patient. The 
device includes a charging valve interposed between a gas supply. . . 
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ISSN: 0300-9564 
DOCUMENT TYPE: Article 
RECORD TYPE:' Abstract 
LANGUAGE: English 

...AUTHOR: Heinonen E H 
2001 

...ABSTRACT: treatment and induced signs of toxicity such as a rise in body 
temperature, stimulation of respiration and rapid onset of rigor mortis 
after death. Entacapone did not show any adverse effects... 
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RECORD TYPE: Abstract 
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2000 

...ABSTRACT: supply a very small quantity of a therapeutic gas or a 

diagnostic gas into the breathing gases of a patient. The valve has a 
housing with an inlet for receiving the... 
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Ventilator for intensified breathing and valve in patient conduit of 
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1999 
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Special gas dose delivery apparatus for respiration equipment 
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. . . MAJOR CONCEPTS: Respiration 

...METHODS & EQUIPMENT: medical equipment, respiratory equipment... 
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. ; .AUTHOR: Heinonen E 
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...ABSTRACT: 10 min after the end of HV. The AEPs were not altered when the 
subjects breathed 5% C02 in air in a hyperventilation-like manner, 
which prevented the development of hypocapnia . . . 
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. MAJOR CONCEPTS: Respiratory System. 



. . . Respiration ; 

MISCELLANEOUS TERMS: ...INTENSIVE BREATHING ; ... 
. . . RESPIRATORY ALKALOSIS 
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DOCUMENT TYPE: Meeting 
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VINCRISTINE TREATMENT OF ACUTE LYMPHOBLASTIC LEUKEMIA INDUCES TRANSIENT 
AUTONOMIC CARDIONEUROPATHY 

AUTHOR: HIRVONEN H E (Reprint); SALMI T T; HE INONEN E ; ANT I LA K J; 
VALIMAKI I A T 

AUTHOR ADDRESS: CARDIORESPIR RES UNIT, UNIV TURKU, KI INAMYLLYNKATU 10, 
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JOURNAL: Cancer 64 (4): p801-805 1989 
ISSN: 0008-543X 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
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. . .AUTHOR: HE INONEN E 
1989 

ABSTRACT: Reduced respiratory sinus arrhythmia, measured as heart rate 
variability, is a reliable indicator of autonomic mervous dysfunction. . . 

...phases as compared to the consolidation and maintenance phases without 
vincristine administration. In particular, the respiratory components 



of the HRV during deep breathing tests were significantly reduced 
during vincristine treatment. The authors conclude that the measurement 
of the. . . 
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JOURNAL : Clinical Respiratory Physiology 23 (2): pl77-180 1987 , 
ISSN: 0272-7587 
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AUTONOMIC NEUROPATHY AND VIBRATION EXPOSURE IN FORESTRY WORKERS 

AUTHOR: HE INONEN E (Reprint); FARKKILA M; FORSSTROM J; ANT I LA K; JALONEN 

J; KORHONEN 0; PYYKKO I 
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JOURNAL: British Journal of Industrial Medicine 44 (6): p412-416 1987 
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DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: ENGLISH 

AUTHOR: HE INONEN E ... 
1987 

ABSTRACT: The variation in heart rate (HRV) at rest and during deep 
breathing (6 cycles a minute) of 88 professional lumber jacks was 
studied using a computer technique... 

...There was a significant difference (p < 0.001) between the HRV indexes 
during the deep breathing test in those with the shortest (CV = 10.1 
.+-. 1.1) and those with the... 

...those with the longest and those with the shortest exposures. The HRV 
during a deep breathing test is associated with the activity of the 
parasympathetic nervous system and is decreased in... 
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REACTIVITY OF AUTONOMIC NERVOUS CONTROL OF HEART RATE IN DIABETES MELLITUS 
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AUTHOR: LINDQVIST A (Reprint); ERKOLAHTI R; HE INONEN E ; VALIMAKI I 
AUTHOR ADDRESS: CARDIORESPIRATORY RES UNIT, UNIV OF TURKU, SF-20520 TURKU 

52, FINLAND** FINLAND 
JOURNAL: Scandinavian Journal of Clinical and Laboratory Investigation 4 6 
(8) : p771-778 1986/ 
ISSN: 0036-5513 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: ENGLISH 

. . .AUTHOR: HE INONEN E 
1986 



...ABSTRACT: 12) and healthy controls (n = 12) was studied by a procedure 
consisting of a deep breathing test and an intermittent tilting test. 
Frequency selective entrainment of HR could be produced by tilting and 
deep breathing . No statistically significant intergroup differences 
were detected in the patterns of average heart rate (HR. . . 

DESCRIPTORS: HUMAN DEEP BREATHING TEST INTERMITTENT TILTING TEST 
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...ABSTRACT: patients on maintenance haemodialysis . The R-R intervals were 
measured in recordings during spontaneous quiet breathing and during 
controlled deep breathing before and after a single HD session. The HRV 
was expressed as the standard deviation. . . 

...the heart rate mainly caused by autonomic control mechanisms. The 

long-term HRV during quiet breathing was statistically significantly (p 
< 0.05) higher after the HD than before. The HRV in... \ 
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JOURNAL: British Journal of Anaesthesia 55 (2) : pl63-168 1983 
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DOCUMENT TYPE: Article 
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ANESTHETICS 
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PHARMACODYNAMICS 
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EXPERIMENTAL STUDY 
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AUTHOR ADDRESS: DEPARTMENT OF ANAESTHES IOLOGY , UNIVERSITY OF HELSINKI, 
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DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: ENGLISH 

. . .AUTHOR: HEINONEN E 
1980 

...ABSTRACT: action potential amplitude of the A fibers was still .apprx. 
35%. Although these 2 local anesthetics differ structurally and 
physico-chemically, the rates of block of the the different fibers were 

DESCRIPTORS: RABBIT CERVICAL SYMPATHETIC TRUNK PHRENIC NERVE LOCAL 
ANESTHETIC MYELINATED UNMYELINATED ACTION POTENTIAL PHARMACODYNAMICS 
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Title: Theoretical and experimental comparison of constant inspired 
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Publisher: SPRINGER-VERLAG, 175 FIFTH AVE, NEW YORK, NY 10010 
Language: English Document Type: ARTICLE (ABSTRACT AVAILABLE) 

Author(s): Heinonen E ; Hogman M; Merilainen P (REPRINT) 
, 2000 

Abstract: Objective: Inhaled NO therapy of artificially ventilated 
patients has been established as being based on constant inspired 
concentration of NO. In this... 

...uptake, a mathematical lung model was created where NO delivery can be 
simulated in varying ventilator settings, delivery modes, and lung 
properties. This model and the efficacy of pulsed delivery in... 

...performed with nine pigs of mixed breed weighing 25-35 kg. 

Interventions: The pigs were anaesthetised and artificially 
ventilated . Pulmonary vasoconstriction was induced by hypoxia. NO was 
delivered periodically in the various delivery modes... 

...simulation, in all delivery modes the NO uptake was found to be 

dependent on the ventilator settings and the volume of the dead 
space. Measured from pulmonary artery pressure, the pulsed... 

...Based on the simulation, the alveolar NO fraction and the NO uptake 
depend on the ventilator settings and the dead space in both 
volumetric- and concentration-based delivery. 

Conclusions: With pulsed... 
... Identifiers — INHALED NITRIC-OXIDE; PRIMARY PULMONARY-HYPERTENSION; 

RESPIRATORY -DISTRESS-SYNDROME; LONG-TERM INHALATION; RELAXING FACTOR; 
OXYGENATION; SYSTEM 
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Language: ENGLISH Document Type: ARTICLE (Abstract Available) 
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Synchronized delivery of inspired nitric oxide: Effects on oxygenation and 
pulmonary tension during artificial ventilation 
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Synchronized delivery of inspired nitric oxide: Effects on oxygenation and 
pulmonary tension during artificial ventilation 

Author: Heinonen, Erkki 

Year: 2002 

...vasodilator to relieve pulmonary hypertension or to improve 
oxygenation with no systemic effects. In artificial ventilation nitric 
oxide has been administered in inspiration gas as a continuous gas flow or 
to. . . 

...theoretically and experimentally with the aim to relieve pulmonary 
hypertension and improve oxygenation during artificial ventilation . For 
the experimental study a system for the synchronized administration was 
developed. 

The effect on oxygenation was studied during equine anaesthesia 
where hypoxemia develops regularly secondary to left-to-right shunt caused 
by atelectasis. By administering the NO as a short pulse in early 
inspiration to well ventilated lung areas the oxygenation could be 
effectively improved. Delayed administration to low ventilated lung areas 
was found possible for a negative contribution on oxygenation, which 
reduces the improvement gained in the well- ventilated lung areas. When NO 
is delivered into the whole inspiration, the net effect on oxygenation... 
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ARTICLE TYPE: Original paper 
MEDIA TYPE: Printed Publication 

FAERKKILAE M (1); PYYKKOE I (1); HEINONEN E (1) 
, 1990 

. . .ABSTRACT: and selected samples of this population for electromyographic 
(N=80), autonomic nervous system function, controlled breathing , 
tilting bed and valsalva manoeuvre (N=88) tests, and a full clinical 
neurological examination. Mean. . . 

...s phenomenon was 5%. The variations in heart rate (HRV) at rest and 

during deep breathing were observed. The traditional indexes of HRV 
(CV, CVS , MEAN) were computerized and calculated. There was a 
significant difference (p<0.001) between the HRV indexes during the 
deep breathing test in those with the shortest and the l ongest 
exposure to vibration. The valuer ' 
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Side effects of endotracheal suction in pressure- and volume-controlled 

ventilation *. (laboratory and animal investigations) 
. . . Heinonen, Erkki 

TEXT: 

Study objectives: To ' investigate the effects of endotracheal suction 
in volume-controlled ventilation (VCV) and pressure-controlled 
ventilation (PCV) with an open suction system (OSS) or a dosed suction 
system (CSS) . 

Design: Randomized comparison. 

Setting: Animal research laboratory. 

Patients: Twelve healthy anesthetized pigs. 

Interventions: The effects of endotracheal suction during VCV and PCV 
with tidal volume (VT... 

. . .more severe and persistent in PCV than in VCV. 

Key words: gas exchange; lung; mechanical ventilation ; pigs; 
suction; trachea; venous admixture 

Abbreviations: ANOVA = analysis of variance; Crs = compliance; CSS = 
closed suction. . . 

. . .MPAP = mean pulmonary arterial pressure; OSS = open suction system; Paw 
= airway pressure; PCV = pressure-controlled ventilation ; PEEP = positive 
end-expiratory pressure; Pplat = plateau pressure; VCV = volume-controlled 
ventilation ; VT = tidal volume 
********** 

Patients dependent on mechanical ventilation often need to have 
mucus suctioned from their airways. Because endotracheal suction may create 
negative . . . 

...which can lead to desaturation . To minimize the risk of complications 
during endotracheal suctioning, various ventilator settings have been 
proposed to prevent desaturation and loss of lung volume. (1-3) 
Different . . . 

...shown to prevent arterial and systemic venous oxygen desaturation and 
lung collapse during volume-controlled ventilation (VCV) . (8) 

Negative effects after endotracheal suction during VCV have been 
described, but we have found no study that compares the effects of 
suctioning during VCV and pressure-controlled ventilation (PCV) . Our 
hypothesis is that endotracheal suction might have different side effects 
depending on ventilator mode and suction method; therefore, we compared 
the effect of endotracheal suction on hemodynamics and. . . 



. . . PCV and VCV with different suction systems and catheter sizes. 
MATERIALS AND METHODS 

Twelve healthy anesthetized pigs of mixed breed (Hampshire, 
Yorkshire, and Swedish native breed) with a body weight ranging... 

...was performed in accordance with the recommendations of the Swedish 
National Board for Laboratory Animals. 
Anesthesia 

Before transport to the laboratory, the pigs were premedicated with 
40 mg of azaperon administered by IM injection. Anesthesia was induced 
with 0.5 mg of atropine and a mixture of 100 mg of... 

...mm inner diameter. A bolus injection of 0.2 mg of fentanyl was 
adiministered IV. Anesthesia was maintained by infusion of 5 mL/kg/h of a 
solution containing 4 g. . . 

. . .mg of pancuron in 1,000 mL of Rehydrex with glucose. 

All pigs received mechanical ventilation (Evita 4; Drager Medical; 
Lubeck, Germany) in either volume-controlled (intermittent positive 
pressure ventilation ) or a pressure-controlled (bilevel pressure 
ventilation ) modes. Ventilator settings were fraction of inspired oxygen 
of 0.3 and PEEP of 3 cm (H. . . 

. . .mL/kg or inspiration pressure level was set to achieve VT of 14 mL/kg. 
Respiratory rate was adjusted to achieve a stable end-tidal G(0.sub.2) of 
5 . . . 

...the Y-piece for dynamic gas. monitoring. Fraction of inspired oxygen, 
fraction of expired oxygen, respiratory , rate, VT, end-tidal carbon 
dioxide, compliance (Crs), Paw, and Pplat were registered. All measurements 



...to the method described by Berggren. (10) 
Protocols 

The effects of endotracheal suction during two ventilation modes, 
VCV and PCV, were compared. Both ventilation modes were applied in random 
order in all pigs. An OSS 14 catheter was used... 

...VCV was used. One possible explanation is that in VCV, where the volume 
of each breath is the same, there is a small recruitment with each 
successive breath . However, in VCV, the changes in both Crs and Pplat 
remained 30 min after suction... 

. . .might lead to overdistension of those parts of the lung that remained 
open. During artificial ventilation , it is important to prevent lung 
collapse and thus minimize the risk of ventilator -induced lung injury. 
Daily suction procedures — sometimes even hourly suction procedures — are ' 
required to clear... 

...and gas exchange impairment that remains long after completed suction. 
When CSS is used, the ventilator can deliver breaths even though the 
suction catheter has been inserted into the endotracheal tube, provided 
that the catheter is narrow enough to allow the ventilator to continue 
ventilation and maintain PEEP. Maintained PEEP could explain why less 
desaturation was found in patients with... ■ 

...sedated and paralyzed. (8) The present study was done in healthy pigs 
that were deeply anesthetized to keep the experimental model unaffected 
by stress; under these conditions, no changes in HR. . . 



. . .H. sub. 2)0) . The hemodynamic changes might be more prominent if other 
conditions and ventilator settings were used. 

In conclusion, our study provides further evidence that endotracheal 
suction can cause... 

...05). 
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